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SUMMARY
This thesis describes the results of a series of experimental 
studies of the life-cycle and pathogenic effects of one of the most 
common helminths of the foal, Parascaris equorum.
.The investigations showed that the larvae of P. equorum migrate 
through the liver and the lungs before returning to the predilection 
s ite  in the cranial part of the small intestine, 2 to 4 weeks after 
infection. In foals under one month of age a high percentage of the 
infective dose completed this migration, regardless of the magnitude 
of the infection and subsequently the worms grew rapidly in the 
in testinal lumen. Following a small infection (l60 eggs) most of the 
parasites developed to maturity during the ensuing 2 months, whereas 
a fte r a large infection (8,000 eggs) there was an expulsion of worms 
in the faeces from the seventh week onwards, resulting in a progressive 
decrease in the number of worms present in the small intestine.
The studies on the pathogenesis of P. equorum infection in young 
foals showed that the pulmonary migration was accompanied by mild 
respiratory signs of coughing and a nasal discharge. During the la te r 
stages of infection the development of substantial numbers of ascarids 
in the in testinal lumen was associated with unthriftiness and poor 
weight gains.
Histological examination of the liver revealed the presence of 
an in filtra tio n  of eosinophils and lymphocytes and a fibrotic reaction 
around the portal triads, but there was no indication of any impairment 
of hepatic function in these experiments. In the lungs a cellular
in filtra tio n , consisting primarily of eosinophils which v/ere la ter 
replaced by lymphocytes, was particularly marlced around the small 
blood vessels and airways. An increasing number of raised, spherical, 
lymphocytic nodules developed during the fourth to sixth weelcs, a few 
of which were s t i l l  evident several months la te r.
The only significant haematological change was the development 
of a circulating eosinophilia 3 to 5 weeks after infection, which 
corresponded to the periods of hepatic and pulmonary eosinophilia. 
Alterations in the serum protein levels were not recorded.
After studying the effects of P. equorum infection in young foals, 
further experiments were designed to investigate the development of 
immunity to this parasite. Experimental infections of worm-free and 
naturally reared foals, aged 6 to 12 months, showed that, compared 
with the younger animals, only a small number of larvae returned to 
the gastrointestinal trac t but the hepatic and pulmonary lesions were 
Increased in number and severity. The findings were identical in the 
worm-free and naturally reared groups and suggested the development of 
an age-dependent immune reaction operating at the level of the 
parenchymatous organs. Although the respiratory syndrome was more 
severe in the older animals, unthriftiness was not a feature due to 
the reduced number of worms present in the small intestine.
The prepatent periods ranged from 80 to 104 days, but the length 
of the prepatent period could not be correlated with either the age 
of the foal or the magnitude of the infection. In foals over 6 months 
of age patent infections occurred less frequently and the faecal egg 
counts tended to remain low.
GENERAL INTRODUCTION
Horses may be infected by many species of gastrointestinal 
nematodes but research in the field  of equine helminthology has 
been limited by the practical and financial problems involved in 
rearing worm-free foals. Over the past ten years, however, there 
have been advances in the knowledge of the various strongyle 
species in the horse. In particular the l ife  cycles and 
pathogenicity of the two common large strongyles Strongylus edentaxus 
(McCraw and Slocombe, 1974) and Strongylus vulgaris (Duncan and 
P irie, 1975) have been investigated, and the epidemiology of horse 
strongyle infection has been discussed by Ogbourne and Duncan (1977)- 
There are other nematode parasites of the horse, however, about 
which l i t t l e  information is available, including the large roundworm, 
Parascaris equorum.
In recent years the number of horses and ponies kept for 
pleasure purposes has increased dramatically, but there has not 
been a comparable increase in the pasture available for maintenance 
of these animals. The development of helminthiasis has been 
favoured by the high stocking densities in small fields and 
paddocks and consequently there is  an increasing demand for the 
veterinary surgeon to provide information and advice on the 
effective control of these infections.
RE VI Elf OF THE LITERATURE
Surveys in various parts of the world have shoim that 
P. equorum is  a ubiquitous parasite in the equine population and 
that the incidence of patent infections decreases with age 
(Table l).
The f ir s t  large-scale survey of the incidence of the common 
nematode parasites of the horse in the United Kingdom was published 
by Poynter in 1970. He examined over l6,000 faecal samples from 
3»227 horses of different ages and found an overall incidence of 
27-4% for P. equorum. A breakdown of his results, however, showed 
a negative correlation with age, the incidence falling from 5 8 .3% 
in foals to 10.4% in 4 year-olds. Earlier work by Russell (1948) 
on the development of helminth infections in foals from 7 English 
studs showed that a ll of the foals developed patent P. equorum 
infections between 9 and l6 weeks of age, usually at 12 to 13 
weeks. The ascarid faecal egg count then rose rapidly to reach 
a peak at l6 to 18 weeks after which there was a steady decline 
and many foals ceased to pass eggs from 6 months onwards. Russell 
(1948) was unable to detect the presence of ascarid eggs in the 
faeces of mares and she concluded that infection was maintained 
on a stud by the foals and yearlings.
Author Geographical
Location
Incidence of P. equorum 
Infection
per cent 
positive
age range
de Jesus & Philippines 1 5 .9 6 a ll ages
Uichanco 2 6 .8 2 < 2  years
(1939) 1 4 .9 4 3 -7  years
1 2 .2 8 8 -1 2  years
Antipin U.S.S.R. 5 9 -8 5 < 1^ year
(1940) 3 9 -5 6 1 -2  years
Hadley Wisconsin 76 ages not
(1943) specified
Russell U.K. 100 months
(1948)
Egyed & Hungary 15 a ll ages
Hollo 5 0 -6 0 foals
(1956)
Langenegger, Rio de Janeiro 25 1 -5  years
Matsmoros & State 4 .5 5 -1 2  years
Urbina 0 y  12 years
(1 9 6 7 )
Poynter U.K. 2 7 .4 a ll ages
(1 9 7 0 ) 5 8 .3 foals
3 6 .8 1 year
2 0 .3 2 years
1 9 .8 3 years
10.4 4 years
O'Nuallain Eire 38 a ll ages
(1 9 7 3 )
Tolobaev U.S.S.R. 82 <1 year
(1 9 7 5 )
.............  —
TABLE .1 Surveys recording the incidence of P. equorum 
infection.
Field studies in other parts of the world have supported the 
findings of Poynter (19?0) and Russell (1948) regarding the 
prevalence of infection. O'Nuallain (1973) recorded an overall 
incidence of P. equorum infection in Eire of 38%, while in
Switzerland, Edcert (1973) quoted a figure of 25% in horses of a ll
ages with an increased prevalence of 65% in young animals.
Egyed and Hollo (1956) undertook faecal examinations of 
1 6 ,0 0 0  horses on state-owned farms near Budapest and found that 
15% of these animals had ascariasis, although the incidence in
foals v/as estimated to be between 50 to 60%. More recently Varga
(19 7 3 ) stated that parascariasis was frequently diagnosed in 
Hungary and affected predominantly young horses.
In North America Hadley (1943) examined 71 horses of unrecorded 
ages on a single stud in Wisconsin and found that 76% harboured 
ascarids. A la te r survey of ranches in Rio de Janeiro State 
(Langenegger, Matamores and Urbina, 196?), in which the animals 
were divided into three age groups, recorded an incidence of 25% 
at 1-5 years, falling to 0% in horses over 12 years. In the 
Philippines 15*96% of a ll horses were infected with P. equorum 
(de Jesus and Uichanco, 1939), but again there was a negative 
correlation ifith the age of the host.
Antipin (1940) investigated the incidence of parascariasis 
in animals maintained under various systems of management and in 
different geographical areas in Russia. In foals he found an 
infection rate of 59- 85%, while in older animals (1-2 years old) 
the range was 35-56%. Also in the U.S.S.R. Tolobaev (1975) noted 
a cyclic pattern with a decreased incidence in the spring in a ll 
groups followed by a rise during the winter months to reach the 
highest values in December.
All species of equlclae are susceptible to P, equorum infection. 
Rashek (1964) reported the occurrence of ascariasis in the Asiatic 
wild ass on the Barsa-Kelmes Island in the Aral Sea, whilst in a 
study of infection in 19 tarpans near Bialowieze, Poland, Kondalc 
(1 9 6 4 ) noted that ascarid egg production was independent of season 
but decreased with age. In 1959 necropsy examination of an adult 
zebra, which had lived in a Glasgow Zoo for several years, revealed 
the presence of over 700 P. equorum (Dunn, personal communication).
The life  cycle of P. equorum has received l i t t l e  attention.
The infective egg hatches only after ingestion by a suitable host. 
There is'evidence (Hadwen, 1925; Lyons, Drudge and Tolliver, 1976) 
that the larvae migrate through the body tissues before eventually 
returning to their predilection s ite  in the small in testine.
Hadwen (I9 2 5 ) described degeneration of liver ce lls , which he 
suggested was due to ascarid migration, but no attempt was made to 
recover parasites from this s ite . The same author found larvae 
approximately 2 mm long in the a ir passages of the lungs and also 
in the duodenum 20 days after primary experimental infection with 
P. equorum, but on day 54 larvae could only be recovered from the 
small in testine. More recently Lyons et a l . (1976) have used 
monospecific parasitic  infections to assess the efficiency of 
various anthelmintics. Fourteen days after a single ascarid 
infection they found larvae in the lungs only, whereas by day 17 
few larvae remained in th is s ite , the majority having returned to 
the in testinal tra c t. On both occasions the larvae were 
approximately 2 mm long.
A hepatic-tracheal migration of parasitic larvae has been 
demonstrated in other ascaridoid species such as Ascaris suum 
(Douvres, Tromba and Malakatis, I 9 6 9 ) and a similar l ife  cycle has
been attributed to P. equorum (Drudge and Lyons, 1977) despite the 
lack of supportive experimental work.
The length of the prepatent period of P. equorum, determined 
by the f i r s t  appearance of ascarid eggs in the faeces, is variable. 
Following monospecific infection Lyons et a l . (1976) reported the 
development of patency in  72-110 days, whilst Bello, Amborski, 
Torbert and Greer (1973) found that 3 out of 10 foals already had 
ascarid eggs in the faeces when f ir s t  examined 84 days after 
experimental infection and the remainder had become positive by day 
1 0 3 . After infection of a single worm-free donkey foal patency 
developed in 8l days (Wetzel and Enigk, 1938)*
Under field  conditions the average age at which ascarid eggs
appeared in foals faeces was found to be 101 days (Antipin, 1940),
84 to 91 days (Russell, 1948), 77 to 98 days (Todd, Hanson, Kelley, 
Wyant and Hull, 1949), and 98 days (Poynter, 1970). I f  the pre-
patent period is  taken to be 72  to 110 days, then infection must
occur soon after b irth . One possible method of transmission during 
the perinatal period is  through the dam's colostrum or milk, as in 
the related species Toxocara cat! in cats (Swerczek, Nielsen and 
Helraboldt, 1971) and Toxocara vitulorum in cattle  (Warren, 1971). 
The only equine parasite known to be transmitted in the milk is 
Strongyloides westeri (Enigk, Dey-Hazra and Batke, 1974).
Ascarid eggs have occasionally been found in the faeces of 
foals which were too young to have acquired patent infections after 
b irth  (Salisbury, Baker and Britton, 1940; Russell, 1948), A 
possible explanation for this was suggested by the work of Anschau 
and Exner (1953) î who fed adult P. equorum to foals, then recovered 
ascarid ova from the faeces from 4 to 48 hours la te r . Young foals 
frequently indulge in the habit of coprophagia (Francis-Smith and
Wood-Gush, 19 7 7 ) and i i ,  during th is activity, they ingest immature 
ascarid eggs, which are unable to respond to the usual hatching 
stimuli, then these eggs may appear unchanged, in the faeces.
The possibility  of prenatal infection in the foal has been 
suggested by Salisbury et a l . ( l 9 4 o ) ,  Russell (1948) and Wiltshire 
(1 9 5 4). I t  is  well laioim, for example, that the larvae of Toxocara 
canis migrate from the tissues of the bitch to the foetal lungs 
during the sixth week of pregnancy, leading to a shorter prepatent 
period than that observed in pups infected by ingestion (Yutuc,
1 9 5 4 ). To investigate whether prenatal infection with P. equorum 
occurred in the horse Matousek (1937), Enigk (I9 5 1 ) and Poynter 
(1 9 7 0) examined the body organs of a total of 37 equine foetuses 
and neonates, but no evidence of prenatal parasitic  infection was 
found.
The length of time for which patent P. equorum infections are 
maintained in young animals is  variable, and, as previously mentioned, 
the tendency is for the incidence to decrease with age. Lyons et a l . 
(1 976), for example, recorded egg production for 35 days in an 
experimentally infected yearling and for I I9 days in a 5 month-old 
foal. In foals reared naturally Bello et a l . (1973) found that 
excretion of ascarid eggs tended to disappear around 0 months of age.
The infrequency of parascariasis in older horses together 
with the failure of Wetzel and Enigk (1938) and Antipin and 
Stepanova (1948) to establish patent infections in mature animals 
reared under natural conditions suggested the presence of an age 
or acquired immunity. Although age, per se, may confer Immunity 
there have been no reports of experimental infections in mature 
worm-free animals and i t  is, therefore, impossible to exclude the 
possib ility  that an acquired immunity develops following infection, 
which is  widespread amongst foals-
Unlike the strongyloids which have a free-living proparasitic
stage able to migrate away from the dung pats, the infective stage
of the ascaridoids is  the egg containing a larva which is  unable to
spread by active means. Compensatory mechanisms include f irs tly ,
the fecundity of the adult worn, secondly, the ability  of the egg to
survive for many years due to the protective lip id  and chitinous
layers of the shell and thirdly, the adhesive properties of the 
/
outer proteinaceous layer of the egg shell (Fairbairn, 1957).
Russell (1948) found that infection of foals was equally prevalent 
under the different systems of management on the 7 studs in her 
survey, while Hadwen (1925) fe lt that infection was more readily 
acquired by foals maintained indoors. Antipin ( 1 9 4 o ) ,  in an 
extensive study of the epidemiology of parascariasis, concluded 
that the major source of infection for the foal was the stable, and 
of lesser importance were the grazing areas.
In fie ld  cases of parascariasis there have been several reports
of deaths due to intestinal impaction, with or without subsequent 
rupture and periton itis (Lebailly and Cadillac, 1957; Wiltshire,
1954; Rylands, 1971; Orr, 1972). Drudge and Lyons (1977) fe lt  that 
in testinal rupture was the primary danger, but that th is was not 
necessarily related to the number of worms- These authors also 
noted a seasonal incidence, in that fatal cases occurred in the 
fa ll  or early winter, with the number of cases varying from year to 
year. Under experimental conditions, Bello et a l - (1973) infected 
worm-free foals with 5,000 P. equorum eggs as part of an anthelmintic
t r ia l  and found that 2 out of 5 untreated controls died between l4
and 18 weeks after infection.
Rylands (1971) and Orr (1972) each recorded a case in which a 
foal died within 24 hours of the onset of an acute illness and was 
found, at post mortem examination, to have an in testinal perforation
associated with the presence of ascarids. Lebailly and Cadillac 
(1 9 5 7 ) also described a fatal case of septic periton itis following 
rupture of the small intestine with two P. equorum encysted in the 
mesentery. In their discussion these authors quoted Carpentier 
(1 9 3 9 ) d^uo had reported 23 cases of intestinal rupture due to 
P. equorum, whilst Wiltshire (1954) recalled at least one death each 
year due to in testinal impaction by masses of ascarids.
There have been few observations of the clinical signs 
associated with monospecific P. equorum infections. Wetzel and Enigk 
(1 9 3 8 ) noted sporadic coughing from 10 to I 8 days after infection of 
a donkey foal, while Bello et a l . (1973) recorded increasing weakness 
in their foals as the infections developed and became patent. In 
Russia massive challenge infections of P. equorum in foals with pre­
existing helminth burdens, resulted in pyrexia and coughing during 
the "acute phase" of the disease followed by emaciation and retarded 
development during the la te r stages (Antipin and Stepanova, 1948; 
Chebotar'ov, 1950; Ryazantsev, 1956). These authors also described 
en te ritis , abdominal pain and nervous disturbances, which they 
attributed to the presence of ascarids in the small intestine.
From his experiences in practice, Wiltshire (1954) described 
parascariasis as a debilitating disease, causing lung damage and a 
sligh t cough and Russell (1948) stated that the presence of a cough 
and a sticky nasal discharge at weaning time was often attributed, by 
the owners, to parascariasis. Although d ifficu lt to understand i t  
has been suggested that the masses of P. equorum recovered from the 
small intestine at necropsy of a mare may have been responsible for 
bouts of epilepsy (McBarron, 1948).
The gross and histopathological clianges following larval 
migration through the body tissues are poorly described. Hadwen 
(1 9 2 5 ) observed a granular degeneration of the hepatic cells with
8
grouping of eosinophils beneath Glisson's capsule and around the 
blood vessels, which led to the suggestion that larvae travelled 
through the connective tissue adjacent to the vessels. In the lungs 
the same author recorded hépatisation in the cranial lobes, oedema 
of the pulmonary tissue and the presence of many small, will te nodules 
beneath the pleura* In the small intestine Hadwen (1925) found large 
amounts of white mucus associated with the presence of many P. equorum. 
During a study of the treatment of parascariasis, Ryazantsev (1956) 
noted the occurrence of s ites  of atelectasis in the lungs and the 
presence of haemorrhagic foci in the intestine with profuse discharge 
of mucus.
Several workers have described the haematological changes which 
follow experimental P. equorum infection. A fa ll in the to tal red 
cell count and haemoglobin values were seen by Antipin and Stepanova 
(1948) and Ryazantsev (1956), whilst Clebotar'ov (1950) found no 
significant changes in these parameters. Alterations in the total 
white cell count have been reported by Antipin and Stepanova (1948) 
and Ryazantsev (1956), who found a leucocytosis, whilst Chebotar'ov 
(1 9 5 0 ) noted leucopaenia. Despite th is, a ll of these workers recorded 
similar changes in the differential white cell count involving 
neutropaenia and a relative lymphocytosis. A circulating eosinophilia, 
which is  a feature of the migratory phase of many helminth infections 
(Pick and Turk, 1972), has been recorded in P. equorum infections by 
Hadwen (1925), Antipin and Stepanova (1948), Chebotar'ov (1950) and 
Ryazantsev (I9 5 6 )-
MATERIALS >\ND METHODS
A. EXPERIMENTAL ANIMALS
(1) Stabling fa c ilitie s
The experimental animals were housed in a unit of ten brick- 
bu ilt loose boxes with a common air-space. Prior to the s ta r t of 
the foaling season, the stables were thoroughly disinfected with 
5% lysol. Nevenic (1 9 5 2) has shown this to be lethal to Parascaris 
equorum eggs. Whilst the boxes were in use they were cleaned out 
daily and hosed weekly with a high-pressure steam washer (Wanvick 
5000s, Warwick Pump & Engineering Co., Oxford, England).
(2 ) Production and maintenance of worm-free foals
Cross-bred pony mares were brought indoors to foal in clean
loose boxes that had been disinfected and maintained in the manner 
described above. The mares were treated on admission and thereafter 
every l4 days with pyrantel embonate (Strongid-P Granules, Pfizer Ltd., 
Sandvrich, Kent), at a rate of 19 mg/kg to prevent contamination of 
the stables with parasite eggs.
The foals were weaned at 6 to 8 weeks of age, then housed in
pairs in clean loose boxes. They were offered a diet of good quality
hay ad libitum, plus a concentrate ration of proprietary stud cubes 
(Spillers Stud Cubes, London, England) and milk pellets (Equivite 
Milk Pellets, Beecham Animal Health Products, Glasgow, Scotland).
(3 ) Naturally infected foals
Pony mares foaled out of doors in a 2 acre paddock which had
been grazed by ponies of a ll ages for several years. Foals reared
10
in th is paddocic in previous years were knoim to have acquired heavy 
ascarid and strongyle worm burdens.
B . PARASITOLOGICAL TECmiQUES
(1) Culture of infective P. equorum eggs
Mature female P. equorum worms were collected from the small 
intestines of naturally infected ponies immediately after death and 
placed in warm saline at 37^ C for 24 hours. The eggs produced by 
these worms wore collected, mixed v/ith silver sand in petri dishes 
and incubated at 27^ C for 10 days. The sand containing the eggs was 
then covered \fith a f i l te r  paper so alee d in 5% copper sulphate to 
prevent fungal contamination and stored at 4°C. The eggs were 
harvested by adding 0.1% lissapol solution to the petri dishes and 
then collecting the supernatant after sedimentation to remove the 
sand. This procedure was repeated, and the eggs recovered were 
examined microscopically to confirm that a high percentage contained 
larvae. Only those batches of eggs in which over 60% of the eggs 
were larvated were retained for use.
Infective doses were prepared by dilution from a single batch 
of eggs and made up to 30 ml using 0.1% lissapol.
(2 ) Administration of infective doses
The animals were restrained by two assistants to allow the 
passage of a polythene stomach tube (Portex Ltd., Hythe, Kent, 
England). The infective dose was poured into th is tube then flushed 
through with water.
(3 ) Gross examination of faeces for the presence of parasites
Total daily faecal collections were made by bedding the foals
on clean shavings or sawdust and removing the droppings twice daily. 
The faecal balls were crumbled manually when the worms could be seen 
and picked out.
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(4) Faecal egg count
Faecal samples wore collected from the rectum and examined by 
a modified McMaster technique (Gordon & Ifhitloclc, 1939)* In this 
method 3 g of faeces were homogenised in 42 ml water, passed through 
a lOO mesh sieve, and the f i l t ra te  collected» A 15 ml flat-bottomed 
te s t tube was filled  with the well-mixed f i l tra te  then spun in a 
centrifuge at 2,000 r.p.m. for 2 minutes. The supernatant was 
poured off, the sediment agitated and the tube filled  to the previous 
level with saturated sa lt (NaCl) solution- The tube was inverted six 
times and sufficient fluid removed in a pipette to f i l l  both chambers 
of a McMaster slide. As the eggs rise rapidly in the flotation fluid,
the pipetting must be accomplished rapidly. The number of eggs in
both chambers of the McMaster slide was multiplied by 50 to give the 
count in eggs per gram (e.p.g.) of faeces.
(5 ) Recovery of parasites from the liver
Portions of liver were taken from a ll lobes to 25% of the to tal 
weight of the organ. The blocks were minced in a Kenwood Mixer KNf-I.l 
(Peerless & Ericsson, Birmingham, England), wrapped in a double layer 
of gauze and suspended in a large funnel f ille d  with water. This 
apparatus was maintained at 37°C for two hours, then 50 ml were drawn 
from the funnel and concentrated by centrifugation at 1,500 r.p.m. 
for 3 minutes. The sediment was examined microscopically, any larvae 
being collected and preserved.
(6) Recovery of parasites from the lungs
(a) From the parenchyma
Blocks of tissue were taken from a ll lobes of one lung to 25% 
of the to ta l lung weight. This tissue was treated as described above 
for the liver.
(b) From the airvrays
The airways of the second lung were opened by cutting along the
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bronchi vrith scissors. The lung was floated with the cut surface 
down for 12 hours in a bucket of warm saline, a fte r which the tissue 
was removed and the supernatant syphoned off. The remainder v/as 
spun in a centrifuge at 1 ,5 0 0  r.p.m. for 3 minutes and the sediment 
examined microscopically for the presence of larvae.
(7) Recovery of parasites from the gastrointestinal trac t
The entire gastrointestinal trac t was removed and ligatures 
applied to allow the contents of the stomach, small intestine, caecum 
and colon to be collected separately.
Each organ was opened along i ts  length, the contents onptied out 
and the mucosa rinsed clean with water. At th is stage any large 
parasites were picked out and preserved. The entire contents of the 
small intestine and aliquots cf the contents of the stomach, caecum 
and colon were then fixed in 10% formaldehyde and 20% of the to tal 
volume from each organ was examined microscopically for the presence 
of small parasites.
(8) Recovery of parasites from tracheal washings
The tracheal washings were collected using a flexible 
fiberendoscope and placed in s te rile  bottles. The samples were 
examined microscopically on the day of collection.
(9 ) Preservation of parasites
Parasites recovered frtxn the liver, lungs and gastrointestinal 
trac t were prepared in an ascending series of alcohol. Small 
specimens were mounted in neutral glycerine je lly  and the larger 
worms stored in glycerine alcohol.
(1 0 ) Measurement of parasites
Large parasites (> 1 cm long) were measured with a perspex 
ru ler. Smaller larvae weie measured microscopically with the aid 
of a measuring eye-piece.
13
C. CLINICAL EXAMINATIONS
Clinical examinations were performed at 9*00 a.m. each day. 
Rectal temperatures were talcen using a clinical thermometer 
calibrated in degrees fahrenheit. These readings were converted to 
the centigrade scale. The external nares were examined for the 
presence of a nasal discharge and the induction of a cough by- 
pinching the trachea was taken as evidence of tracheal ir r ita tio n . 
The lung fields were auscultated with a stethoscope and in some 
cases the respiratory rate was measured, but in most foals this 
proved d ifficu lt as any form of restrain t caused an increase in 
heart and respiratory rates and when loose in the stable the foals 
seldom stood s t i l l  long enough for the respirations to be counted.
The animals were observed for prolonged periods each day during 
which the appetite, general demeanour and frequency of spontaneous 
coughing of individual foals were monitored, together with the 
development of any other clinical signs.
Body weights were measured using a Gascoigne calf weighing 
machine (Precision Weighers, Reading, England).
D. ANCILLARY AIDS TO CLINICAL EXAMINATION
(l) Endoscopy
Endoscopic examinations of the trachea and bronchial tree were 
performed using a flexible fiberendoscope, which allowed detailed 
visual and photographic records of the respiratory passageways to 
be taken. During the early experiments the fiberendoscope used 
(Colonoscope, Olympus CF Type LB2, Keymed, Southend, England) had 
an external diameter of l4 ram which necessitated i t s  introduction 
via the oral pharynx under general anaesthesia. For th is purpose 
anaesthesia was induced using 5% Methohexitone Sodium (Brietal 
Sodium Veterinary, Elanco Products Ltd., London, England)
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intravenously at a rate of 10 mg/Kg. After induction the animals 
were intubated and stabilised on a halothane (Fluothane, IwC*!. Ltd., 
Pharmaceuticals Division, Macclesfield, England) and oxygen mixture 
un til a steady state of anaesthesia was attained* The endotracheal 
tube was then ^dLthdrawn and the endoscope passed via the oral 
pharynx into the trachea and as far into the bronchial tree as i t s  
diameter would allow.
For the la te r experiments a smaller diameter fiberendoscope 
(Paediatric gastroscope, Olympus GIF Type P2, Keymed, Southend, 
England) was available, which could be passed via the ventral nasal 
meatus. In this case the foals were tranquillised with Acepromazine 
Maleate (Acetylpromazine Injection 10 mg/ml, C-VET Ltd., Braintree, 
England) at a rate of 0.1 mg/Kg intravenously and restrained in the 
standing position.
(2 ) Tracheal washings
Tracheal washings were collected by means of a canula inserted 
through the endoscope. The endoscope was passed to the level of 
the thoracic in le t then 20 to 30 ml of s te rile  saline injected 
through the p lastic  tube. The washings were sucked into a syringe 
and emptied into s te r ile  bottles for parasitological examination or 
into EDTA tubes for cytology.
(3 ) Radiography
Lateral thoracic radiographs were taken in the standing 
position :fith an Elema-Schonander Triplex Optimatic 1023 (Elema- 
Schonander, Stockholm, Sweden) unit- Kodak-Omat H film (Kodak Ltd., 
London, England) was used with high speed calcium tungstate screens 
(Sicmiens Special Screens, Siemens Alchengesellschaft Medical Division, 
Erlangen, Germany). The exposure factors were approximately I6 raAs 
and 70  Kv, but varied slightly  in different animals.
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E. • POST-MORTEM EXAMINATION
(1) Euthanasia and routine post-mortem examination
Young foals were k illed  by an intravenous injection of 
Pentobarbitone Sodium (Euthatal, May & Baker Ltd., Dagenham, England) 
a t a rate of 15 mg/kg* Larger animals were shot using a humane 
k ille r  then bled out* A routine post-mortem examination of the 
carcase and viscera was performed and any organ shovring evidence 
of gross pathological change was photographed before taking blocks 
of tissue for histological preparation» .
(2) Special post-mortem techniques
In a ll cases the respiratory and digestive systems, including 
the liver, were ronoved intact and examined in detail*
(a) Liver
The liver was examined superficially and after making a series 
of incisions into the parenchyma. Tissue blocks were taken at 
random from a ll parts of the liver and in addition selected blocks 
were talcen from areas showing gross pathological changes.
(b) Respiratory system
The lungs were examined both visually and by palpation. The 
number, size and distribution of any superficial lesions were noted 
before making incisions into the substance of one lung to examine 
the pulmonary parenchyma and airways. Tissue blocks for histological 
examination were taken from a ll lobes of the lungs, both from areas 
of pathological change and from areas of apparently normal lung 
tissue, and also from the mediastinal lymph nodes*
The trachea was opened by cutting along the tracheal membrane 
when the presence of an exudate or changes of the mucosa could be 
seen.
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(c) Gastrointestinal tract
The sesrosal surface of the entire gastrointestinal trac t was 
examined before the application of ligatures to allow the contents 
of each part of the trac t to be collected separately. After emptying 
and Washing out the in testinal contents the mucosal surface was 
observed and tissue blocks taken from the small intestine only at 
1 metre intervals.
The associated lymph nodes were examined both grossly and 
histologically.
F. PATHOLOGICAl. TECHNÎQUES
Samples of tissue were taken for histological exasnination both 
from areas shov/ing gross pathological changes and also from 
apparently normal areas of the liver, lungs and small in testine.
The tissue was fixed in Carney's fluid (absolute alcohol, 
chloroform and glacial acetic acid), 10% formol saline or corrosive 
formol, and then dehydrated and cleared in a double embedding series 
and finally  embedded in paraffin wax. under a vacuum. Sections, cut 
a t 6 /jm, were stained with haejnatoxT.'-iin and eosin and in addition 
selected sections were stained with carbol chromatrope, astra blue- 
safranin,toluidene blue and Martins scarlet blue.
Tracheal washings for cytological examination were collected 
into EDTA bottles. A thin smear was made on a glass slide, dried 
in a ir , then fixed in absolute alcohol for 10 minutes. Ml smears 
were stained with haematoxylin and eosin and selected smears were 
stained with alcian blue-PAS and carbol chromatrope.
G. HAEMATOLOGICAL AND BIOCHEMICAL TECHNIQUES
(1) Collection and storage of samples
Foals were bled from the jugular vein into s te r ile  vacutainers 
(Beeton-Dickinson, Rutherford, New Jersey, U.S.A.). Heparin was
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used as anti-coagulant for haematological estimations, which were 
performed within a few hours of collection of samples.
For estimations requiring serum, 10 ml of blood was draim into 
a plain vacutainer and le f t  to stand for several hours to allow the 
formation of a firm clot. The serum which had separated was pipetted 
into p lastic  tubes, frozen and stored at -5°C.
All parameters were either measured in, or the results 
converted into, SI uni-ts»
(2) Packed Cell Volume (PCV)
The paclced cell volume was determined by the microhaeraatocrit 
method. The heparinised blood sample was agitated gently before 
fillin g  2 capillary tubes, which were sealed by heat at one end.
The tubes were spun for 6 minutes in a microhaematocrit centrifuge 
(Hawksley & Sons Ltd., London, England), the percentage PCV 
determined from the scale on a Hawksley Microhaematocrit Reader and 
converted to a l / l  ra tio .
(3 ) Haemoglobin concentration (Hb)
The oxyhaemoglobin method (Dacie & Lewis, I 9 6 6 ) was used for 
the estimation of haemoglobin concentration. Heparinised blood was 
diluted 1 in 200 in 0.04% ammonium hydroxide and mixed thoroughly to 
form a solution of oxyhaemoglobin, which was read in a colorimeter 
(Evans Electroselenium Ltd., Harlow, England) using a yellow green 
f i l t e r  (Ilford No. 6 2 5 ). A standard cyanmethaonoglobin solution 
(C. Davis Keeler Ltd., London, England) was used to calibrate the 
colorimeter and the results were expressed in grains per decilitre  
(g /dl).
(4) Total red and white blood cell counts (RBCs, TOCs)
An electronic particle  counter (Coulter Model "D”, Coulter
Industrial Sales Co., Elmhurst, Illin o is , U.S.A.) was used to
12determine the to tal red blood cell count (x 10 / I )  and total
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white blood cell count (x 10^/1 )»
(5) Differential white blood cell counts
Differential white cell counts were carried out on smears made 
from heparinised blood samples, fixed in methyl alcohol and stained 
ifith a 1 in 10 solution of Geimsa's stain R66 (G.T. Gurr, London, 
England) for 20 minutes». A minimum of 200 cells per slide were 
counted from an area between the centre and the edge of the smear.
The various classes of leucocytes were then expressed as a percentage 
of the to ta l number of cells counted.
(6) Total serum protein concentration
Total serum protein concentration was estimated by the biuret 
method of Veichselbaum (1946).
(7) Serum protein fractionation
The serum protein fractions were separated by electrophoresis 
on cellulose acetate strips (Oxoid Ltd., London, England), which were 
soaked in barbitone buffer (pH 8.6), blotted lightly  to remove excess 
buffer and supported in an electrophoresis tank (Shandon Scientific 
Co., London, England). A micro-pipette was used to apply 0.003 ml 
serum 4 cm from the cathode end of the s tr ip . A Vokara power pack 
(Shandon Scientific Co., London, England), provided a constant 
voltage of 150 volts for one hour after which the strip s were removed 
and dried in a hot a ir  oven (80-10O°C) for 10 minutes to "fix" the 
proteins. The strips were stained in 0.2% Ponceau S (G.T. Gurr Ltd., 
London, England) in 3% trichloracetic acid for 5 minutes, then washed 
in 5% acetic acid until the background was white. The strips were 
evaluated automatically as described by Neill (I9 6 3 ) using a Chromoscan 
recording densitometer (Joyce Loebl & Co. Ltd., Gateshead, England).
The results were expressed in grams per l i t r e  (g /l) .
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(8) Nonnotest
5 ml blood samples were mixed with EDTA in s te rile  tubes and 
the PCV measured by the haeraatocrit method. The samples were then 
posted to the Equine Research Station, Balaton Lodge, Newmarket, 
where Ms E. Abbott performed the Normotest estimations using the 
method described by Allen and Archer (1972). These workers have 
shoAfn that a delay of 5 days and 2 postings did not change the 
results significantly-
Briefly, 250 /al of Normotest reagent (BDH Chemicals Ltd.,
Poole, Dorset) was placed in a p lastic  te s t tube in a water bath 
at 37-5^C- 5 of whole blood was added and, a fter the f i r s t  20
seconds, the tube was til te d  every second or so until a clot formed. 
The time was measured from the addition of the blood until the clot 
formed.
The Nonnotest time was dependent upon the PCV since the red 
cells did not take part in the reaction, so a correction factor 
curve was prepared to allow for the effect of the differing PCVs 
of the samples tested- I t  was also necessary, using plasma from 
normal horses, to prepare a calibration curve for the varying 
batches of reagent. The results were expressed as the per cent. 
Normotest.
(9) Antibody Titres
Paired serum samples were collected 6 weeks apart, the f ir s t  
sample being taken during an acute bout of respiratory illness with 
the second sample taken during the convalescent phase. The serum 
was stored at -20°C before being examined by Dr. D. Powell, Equine 
Research Station, Balaton Lodge, Newmarket.
The following serological tests were carried out after 
inactivation of the samples at 56°C for 30 minutes.
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Influenza virus» Serun haemagglutination inhibition tests  were
carried out in round-bottomed, microtitre plates, using 0 .0 5  ml 
volumes of reactants. Adult chicken erythrocytes (0 . 8%) were 
used vrith phosphate-buffered saline as the diluent. Eight 
haemagglutinating units of antigen were employed. The standard 
virus strains used were A/equine/Prague/l/5 6  (A/Equi 1 type) and 
A/equine/Miami I /6 3  (A/Equi 2 type).
Rhinopneumonitis virus and Rliinovirus type 1. Neutralising
antibody levels were determined by a plaque reduction test 
(Burrows, I9 6 6 ) using the H-45 strain of rhinopneumonitis virus 
(equine herpes type 1) and the NM-11 strain  (Burrows, I 9 6 8 ) of 
equine rhinovirus type 1 .
Adenovirus. Precipitating antibody was detected in undiluted 
serum, using an agar gel precipitin te s t (Derbyshire and Pereira, 
1964). The antigen was a crude infected tissue culture harvest 
of the Sol 25 strain  (Todd, I9 6 9 ).
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CHAPTER 1 
PRELIMINARY EXPERIMENTAL STUDIES
SUMMARY
Six worm-free pony foals, 2 to 4 months old, were infected with 
Parascaris equorum eggs using 3 different dosage regimes and killed 
at either 40 or 95-100 days after infection- Coughing and a 
circulating eosinophilia were features of large infections from %/hich 
only a small number of worms developed to maturity- In small 
infections a high percentage of the parasites matured in the small 
in testine and this was associated with unthriftiness. Prepatent 
periods of 8o and 83 days were recorded.
INTRODUCTION
Since experimental studies on P. equorum infection had not been 
attempted previously in th is laboratory a preliminary experiment was 
designed using a small group of worm-free foals to provide a general 
picture of the pattern of infection.
The aims of this f i r s t  experiment were as follo%/s:
1. To assess the efficiency of the methods employed for the 
collection, cultivation, storage and administration of infective eggs.
2. To study the relationship between the magnitude of the 
infection and the number of worms which subsequently developed in 
the sma%l intestine.
3* To establish patent infections and determine the length of 
the prepatent period.
4. To investigate the clin ical, haematological and pathological 
changes associated %d.th the migration and development of P. equorum.
2 2
MATERIALS AND METHODS
A plivn of the experiment is  shown in Table 2, Eight worm-free 
pony foals were divided on an age basis into 2 groups of 4, a younger 
group aged 2 to 3 months and an older group aged 4 to 6 months. From 
each age group one foal received a single infection of 8,000 
P. equorum eggs ("large dose"), one received a single infection of 
l60 P. equorum eggs ("small dose"), one received 10 infections of 
l60 P. equol'uni eggs administered on alternate days ("repeated small 
dosoU) and the fourth acted as an uninfected control to monitor 
clin ical and haematological changes.
4 worm-free 
2 - 3  months
foals
old
4 worm-free foals 
4-6 months old
1 foal Single small infection 
l60 P. equoium eggs
1 foal
1 foal Single large infection 
8,000 P. equorum eggs
1 foal
1 foal Repeated small infections
10 X  l60 P. equorum eggs 
on alternate days
1  foal
1 foal Uninfected Controls 1 foal
TABLE 2 Experimental Design
The infected animals in the younger age group were killed on 
day 40 to provide information on the pathological changes during the 
early stages of parasitic  development. The oldei" ^foup was kept to 
establish the prepatent period and to determine the number of worms 
which developed to maturity.
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Throughout the experimental period clinical examinations were 
performed daily. Heparinised blood samples for haematological 
estimations were collected %/eekly and from day 3 0 , faecal samples 
were examined twice weeltly for the presence of ascarid eggs.
Routine post-mortem examinations were performed. Blocks of 
tissue for histological preparation were talcen from any organ shomng 
pathological changes* The contents of each part of the gastro­
in testinal trac t were collected separately for the recovery of 
parasites, f irs tly  by scanning with the nalced eye idien large worms 
could be picked out and then microscopically for the recovery of 
small worms.
RESULTS
Clinical Findings
During the experimental period rectal temperatures of a ll 
animals remained within the normal range of 37 to 38.8^0. A cough 
was present frcxn day 12 to day 17 after infection in the younger 
"large dose" foal and on day 17 in both foals which received repeated 
infections, but no other signs of respiratory disease were observed.
Each animal maintained a good appetite throughout the 
experiment, but in spite of this both "small dose" foals became 
depressed and unthrifty. This was particularly marked in the younger 
animal which, by day 35 after infection, had become very thin.
Figure 1 compares the bodily condition of the older "large dose" and 
"small dose" foals on day 9 5 -
Haematological Changes
The foals were infected early in November 1975- During 
December the packed cell volumes (PCVs) of both experimental and 
control foals declined steadily from a mean of 0 .3 5  to a mean of
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¥FIGIJRE 1 ; Bodily condition of foal 
which received l 60 
P. equorum eggs (left) 
compared with foal which 
received 8,000 P. equorum 
eggs (right), 95 days 
after infection.
0.29î then rose to pi'e-experimental values by mid-January. The total 
red and %/hi te blood cell counts (RBCs and \fBCs) and haemoglobin (Hb) 
values reflected the changes in PCVs, but a ll of these variations 
would appear to be seasonal, as similar results have been recorded 
previously in this laboratory during long-term haematological 
monitoring of %form-free pony foals. The PCVsj Hb values, to tal RBC 
counts and total V/BC counts of the individual animals are shown in 
Appendices 1 to 4 respectively.
Significant changes occurred only in the eosinophil fraction of 
the differential V/BC count (Figure 2). The controls %/ere found to
9
have consistently lo%/ values of less than 0,2 x 10 eosinophils per 
l i t r e  (eosinophils/l ), whereas marked elevations occurred from day 
12 after infection in the "large dose" foals and from day 22 in the 
"repeated small dose" foals. In both of these groups maximum counts 
of over 1.0 X 10  ^ eosinophils/l were recorded, followed by a return 
to normal values by day 40. The "small dose" group had slightly 
raised eosinophil counts, up to 0.3 x 10  ^ eosinophils/l, between 
days 20 to 30 after infection. During the la te r stages of infection, 
from day 40 onwards, circulating eosinophilia %/as not a feature in 
any animal.
Parasitology
(l) Foals k illed  on day /tO
The worm burdens of the younger group of foals k illed  on day 
40 are presented in Table 3-
The foal which received only 160 P. equorum eggs was depressed 
and unthrifty from around day 30 and at necropsy examination i ts  
small intestine was partia lly  obstructed by a mass of large ascarids. 
On gross examination of the intestinal contents l40 worms, vrith a 
size range of 8 to 14 cm, were picked out- Subsequent microscopical
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examination was negative but th is to ta l, i .e .  140, represented 87»5% 
of the infective dose.
The single large and repeated small infections, on the other 
hand, produced no large parasites, but in both cases many small 
active worms could be seen moving among the small in testinal contents 
From the foal which received 8,000 eggs, 6,330 wonos were recovered,
i .e .  79*496 of the infective dose, while the foal given a total of 
1 ,6 0 0  eggs by repeated infection had SlO parasites, i .e .  5 0 . 696.
None of these specimens was more than 2.5 cm in length.
No. of P. equorum No. of P. equorum Percentage Mean size
eggs administered recovered from 
in testinal tract
taice (range) cm
160 140 8 7 .5 10.8
(8.0-14.0)
8,000 6 ,3 5 0 79*4 1 .5 7
(0 .7- 2 . 1 )
10 X 160 810 5 0 .6 1 .3 6  
(0.5-2.4)
TABIÆ 3 Parasite Recoveries from Foals k illed  on day 40
Figure 3 illu s tra te s  the remarkable differences f irs tly  in the 
sizes of the individual, parasites and secondly in the to tal volume 
occupied by the worms recovered from each of the three foaJ.s k illed  
on day 40. At this stage the "small dose" foal had the smallest 
number of worms, but these occupied such a large volume that the 
volume of small in testinal contents was markedly reduced. However, 
where greater numbers of worms were present (from the single large
26
and repeated small infections) the individual parasites were small
and occupied a comparatively small volume.
(2) Foals k illed  on days 95 and 100
The numbers and sizes of the worms recovered from the older
group of foals k illed  on days 95 and 100 after infection are presented 
in Table 4.
No. of P. equorum 
eggs administered
No. of P. equorum 
recovered from 
in testinal trac t
Percentage
take
Mean size 
(range) cm
l6o
(patent day 8o)
102 6 3 .8 1 5 .8
(1 1 . 5- 2 8 .5 )
8,000 
(patent day 8 3 )
46 0.6 10.2
(7 . 5- 1 3 .8 )
10  X 160 58 3 .6 7 .6
(6 .5- 1 2 .0 )
TABLE 4 Parasite Recoveries from Foals k illed  on days 
95 and 100
At th is time the "small dose" foal had 102 P. equorum, from
11.5 to 28*5 cm in length, a "take" of 63.8%. The foal which received 
8,000 eggs had only 46 worms, from 7*5 to 13.5 cm long, while the foal 
which received 1,600 eggs by repeated doses had 58 worms, from 6.5 to 
12 cm long. The percentage takes in these two animals were thus only 
0.6 and 3*6% respectively.
Compared with the ascarids found on day 40, the 95 to 100 day 
recoveries from each foal were smaller in number but greater in 
volume. These changes were particulai'ly marked in the "large dose" 
and'Repeated small dose" animals as shown in Figure 4*
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FIGURE 3 : Parasites recovered from the foals
killed  40 days after experimental 
P. equorum infection.
FICURE 4; Parasi tes recovered from the foals 
k illed  93 to 100 days after 
experimental P. equorum infection.
Establishment of Patency
Patency was established f i r s t  in the single small infection foal 
on day 80 with a count of 450 ascarid eggs per gram (asc. e .p .g .), 
which rose rapidly to a maximum of 1,650 asc. e.p.g. on day 90. The 
single large infection became patent on day 83 with a count of 
100 asc. e.p.g. rising slowly to reach 350 asc. e.p.g* on day 95*
The pattern of the faecal egg outputs of these 2 animals is. shown in 
Figure 5* The "repeated small dose" foal had not developed a patent 
infection when i t  was killed  on day 100, but the specimens recovered 
from i t s  small intestine were only slightly smaller than those found 
in the other 2 foals and worms of both sexes were present. I t  seems 
likely, therefore, that i f  th is animal had been allowed to survive i t  
would have developed a positive ascarid faecal egg count within a 
very short time. Routine examinations of faecal samples from the 
two control foals were consistently negative. The complete results 
of the faecal examinations are given in Appendix 5*
Pathology
Gross pathological changes were seen in the lungs of a ll 6 
infected foals and in the livers of the foals k illed  on day 40.
(a) Liver - The 3 animals examined at post morten on day 40 
had multiple, sna il, white spots, up to 2 mm in diameter, scattered 
over the surface of the liver (Figure 6). Histologically these 
lesions were composed of subcapsular aggregates of lymphoid cells.
The hepatic tissue was in filtra ted  by lymphocytes, with eosinophils 
and mast cells present, especially in the connective tissue. No 
lesions were detected on gross or microscopical examination of the 
liver on days 95 or ICO,
(b) Lungs -  The lungs of a ll 6 infected foals showed red, 
collapsed, pneumonic areas around the interlobar fissures of both
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FICURE 6 1 The liver of a foal killed 40 days
after infection with 8,000 P. equorum 
eggs.
FIGURE 7 : Subpleural pulmonary nodule in a foal
killed 40 days after infection with 
8,000 P. equorum eggs.
lungs and in the accessory lobe of the right lung* Microscopical 
examination showed that the pulmonary tissue in these areas was 
collapsed and consolidated with an associated bronchitis and 
bronchiolitis. Large numbers of neutrophils had accumulated in the 
ainfays and interstitium .
Multiple, subpleural nodules, up to 5 ram in diameter, were 
seen scattered over the surface (Figure 7 )*- Grossly these were 
translucent, grey or greenish, slightly raised above the surrounding 
lung tissue and in the 95 and 100 day infections an appreciable 
number were calcified* Microscopically the nodules consisted of 
a mass of lymphocytes and a few eosinophils, surrounded by a lightly 
defined, fibrous capsule*
(c) Small Intestine - Pathological changes of the intestinal 
trac t were not a feature and although the small intestine of the 
"small dose" foal k illed  on day 40 seemed to be thickened on 
palpation, microscopical examination showed that th is was probably 
due to contraction of the muscle layers.
DISCUSSION
The clin ical reactions of the foals in this experiment varied 
with the dose of P. equorum eggs administered. Frequent coughing 
occurred between days 12 and 17 in the younger "large dose" foal and 
in both "repeated small dose" foals. In an early report of 
experimental P. equorum infection in a 3 month-old, worm-free donkey 
foal (Wetzel and Enigk, 1938) coughing was recorded from day 10 to 
day 1 8 . Haoh/en (1925) end Antipin and Stepanova (1943) have also 
described the presence of a cough at th is time in foals from 12 days 
to 10 months old, which were reared naturally and then challenged 
with large doses of P. equorum eggs. Although, under field  conditions, 
both Russell (1948) and Wiltshire (1954) suggested that P. equorum
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infection may cause coughing and a sticlcy nasal discharge, none of the 
animals in th is experiment developed an abnonnal nasal discharge.
Loss of bodily condition was apparent on clinical examination 
of the 2 animals which received a single small infection and, as a 
result of th is observation, body weights of a ll foals were recorded 
in subsequent experiments. Unfortunately, weight gains were not 
measured in th is preliminary study, so unthriftiness was gauged by a 
subjective comparison between infected animals and controls. Other 
authors have described parascariasis as a debilitating disease 
causing increasing weakness and emaciation, (Antipin and Stepanova, 
1948; Cliefootar’ov, 1950; Wiltshire, 1954; Ryazantsev, 1956; and 
Bello et  al ., 1975), although none of these woiicers has attempted to 
quantify their observations regarding the weight changes.
A circulating eosinophilia is  a feature of the migratory phase 
of many helminth diseases and in the horse has been recorded in 
natural and experimental strongyle infections (Archer and Poynter, 
1957; Drudge, Lyons and Ssanto, I9 6 6 ; Duncan and P irie , 1975), and 
following massive P. equorum challenge of naturally reared foals 
(Hadwen, 1925; Antipin and Stepanova, 1948; Chebotar'ov, 1950; 
Ryazantsev, 1956). Roneus (1971) studied the inter-relationship 
between the number of orally administered Ascaris suum eggs, blood 
eosinophilia and the number of adult, in testinal ascarids in piglets. 
In infections of over 50O eggs he showed that the number of 
eosinophils in the bloodstream was directly correlated ivith the 
number of inoculated eggs but that infections of less than 500 eggs 
gave no significant increase. The findings in th is experiment were 
sim ilar, in that the "small dose" foals (I60 eggs) developed only a 
slight increase in circulating eosinophils (up to O.3  x 10  ^
eosinophils/l) compared with the controls, whereas the single large 
infection (8,000 eggs) and repeated small infections (10 x loO eggs)
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caused a marked elevation to over 1.0 x 10  ^ eosinophils/l. In the 
"large dose" foal the count began to rise 12 days after infection, 
whilst the "repeated small dose" foal did not show a significant 
increase until day 22. Presumably this delay was due to the fact 
that the larval invasion of the tissues built up over the period of 
repeated infection to a level sufficient to trigger the eosinophil 
response. By day 4o after infection, the eosinophil counts of all 
foals had fallen to within the normal range and they were below
0.2 X 10  ^ eosinophils/l for the remainder of the experimental period.
When the younger foals were k illed  on day 4o, the parasites 
recovered from both the single small and single large infections 
represented a very high proportion of the to ta l infective dose i .e .  
"takes" of 87«5 and 79*4% respectively. This finding suggested that 
the majority of larvae completed their somatic migration and returned 
to the small intestine ivithin 4o days after a single infection. The 
recovery from the "repeated small dose" foal was rather lower 
(5 0 .6%), but as the la s t infection was only 20 days earlier, i t  is  
possible that a proportion of the larvae had not yet completed their 
tissue migration.
By day 95 the percentage take in the "small dose” foal had 
fallen slightly  to 6 3 . 8%, \diiist the other 2 groups showed very 
marked reductions from 79-4 to 0 . 6% ("single large dose") and from
5 0 .6  to 3.6% ("repeated small doses"). The tentative conclusion 
draim from these observations was that the presence of a large number 
of ascarids in the in testinal lumen had stimulated a response whereby 
the vast majority of the worms were expelled. A somewhat similar 
phenomenon has been reported in A. suum infection in the pig by 
Roneus (1971)* In his experiments the highest number of worms 
became established in the small intestine after moderate infections 
of 100 to 500 eggs, ivhereas adult ascarids seldom developed after
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infections of 1,000 eggs or greater, Schwartz (1959)» who also 
recorded an elimination of worms after experimental A. suum infections, 
has ascribed this to an immune reaction, the antigenic stimulus being 
provided by the exsheathing fluid from the fourth moult#
The specimens recovered on day 4o from the "small dose" foal 
were remarkable for the ir large size (mean length 1 0 .B cm) compared 
iidth those found in the foals receiving a single large or repeated 
small infections in which a ll the parasites were less than 2 .5  cm in 
length. On days 95 and 100 however, mean worm lengths of 10.2 cm and
7 .6  cm respectively were recorded from these la tte r  2 groups and this 
increase in size seemed to be associated with the loss of a large 
proportion of wonns from the gut. Over the same period there was a 
relatively small increase in size to a mean length of 15*7 cm in the 
"single small dose" foal but in this case the percentage take remained 
high. Two factors which may have been significant were f irs tly , the 
magnitude of the infection and secondly, the age of the foal. These 
aspects are explored further in Chapter 2.
The prepatent periods of 80 days and 83 days recorded in this 
study were similar to those reported by other workers (Wetzel and 
Enigk, 1938; Bello et a l . , 1973î Lyons et a l ., I9 7 6 ).
Although the pathological examination in th is preliminary 
experiment was limited, the nature of the lesions found in the liver 
and the lungs suggested that these organs had been invaded during 
parasitic  migration. In future experiments the histopathological 
changes were studied in greater detail and these aspects will be 
discussed further in Chapter 3.
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CONCLUSIONS
The a im s o f  t h e  e x p e r im e n t  w ere a c h ie v e d  b y  p r o v id in g  th e  
f o l l o w i n g  in f o n n a t io n :
1. High percentage takes ranging from 5 0 . 6% to 8 7 . 5% were 
recorded on day 4o which indicated that the methods employed for 
the collection, cultivation, storage and administration of infective 
P. equorum eggs were satisfactory.
2# The effect of 3 infection levels on the numbers of parasites 
which became established in the small intestine of 2 to 3 month-old 
and 4 to 6 month-old foals was particularly interesting# In the 
younger foals percentage takes in excess of 50% were recorded on day 
4o regardless of the magnitude of the infection. On days 95 and 100, 
however, percentage takes of only 0 . 6% and 3 . 6% were recorded from the 
older foals which received a single large and repeated small 
infections, whereas the "small dose" foal again had a high take (6 3 .8%).
3 . Patent infections were established in the "large dose" and 
"small dose" foals on days 80 and 83 after infection respectively. 
Although the "repeated small dose" foal did not have a patent 
infection when i t  was k illed  on day 100 the parasites appeared to be 
mature and the infection would probably have become patent within a 
short period of time.
4. The predominant clinical changes were f ir s tly , the presence 
of a cough during the third week after infection in the foals from 
the "single large" and "repeated small dose" groups, and secondly, a 
loss of bodily condition in the "single small dose" group. 
Haematologically the only significant finding was the development of 
a circulating eosinophilia between days 12 to 40 in the animals which 
received a single large or repeated small infections. Pathological 
changes suggestive of larval migration were seen in the liver 4o days 
a fte r infection and in the lungs on days 40 and 95 to 1 0 0 .
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CHAPTER 2
THE LIFE CYCLE AND MIGRATION OF PARASCARIS EQUORUI-Î 
SUI'iMARY
Eight worm-free pony foals, aged 2 to 4 weeks received a 
single infection of 8,000 Parascaris equoruni eggs. The foals were 
killed at intervals to investigate the migration and subsequent 
development of P. equorum. Signs of larval invasion wore found 
in the liver within 48 hours after infection. Larvae migrated 
from the liver to the lungs from 7 to l4 days after infection and 
the majority had returned to the small intestine via the tracheo- 
oesophageal route by day 23-
After completion of their tissue migration, the parasites 
grew rapidly in size in the lumen of the small in testine, but after 
day 37 the number of worms present in this s ite  decreased. Patent 
infections developed on days 101 and 104.
INTRODUCTION
In the preliminary study described in Chapter 1 i t  was shown 
that larval migration through the body tissues had been largely 
completed within 40 days after infection, since a high percentage 
of the total infective dose was present in the anall intestine at 
th is time. To investigate the tissue migration and subsequent 
development of P. equorum in greater detail, an experiment was 
designed in which foals were killed at intervals after a single
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infection. A large number of infective eggs was administered to the 
foals in th is study for two reasons; f irs tly  to fa c ilita te  lan.'-al 
recovery from the body t i s s u e s  and secondly to investigate the 
mechanism involved in the reduction between days 40 and 95 in the 
number of worms established in the foals given a high dose of 
infective eggs in the preliminary experiment.
Some months after completion of this experiment a small calibre 
fiberendoscope became available, which allowed the collection of 
tracheal washings without general anaesthesia. A further study was 
then made in which tracheal washings were collected repeatedly during 
the period of larval return to the gastrointestinal trac t in an attempt 
to confirm that migration was via the tracheo-oesophageal route,
MATERIALS AND METHODS 
Experimental Design
The design of th is experiment is  shown in Table 5» Ten \form- 
free foals frcxn 2 to 4 weeks of age were used. Eight foals received 
a single infection of 8,000 P. equorum eggs and one of these animals 
was k illed  on days 2, 7» l4, 23» 37» 73» 106 and l46 after infection 
in order to trace the route of larval migration and subsequent 
development of the infection. Tiiro uninfected foals, which were not 
k illed , acted as controls.
10 worm-free foals, 2-4 weeks old
8 foals 2 foals
8,000 p. equorum eggs Uninfected
controls
One foal killed on day 2 (Fl), day 7 (F2), 
day 14 (F3), day 23 (f4), day 37 (F5), 
day 73 (f6), day 106 (F7), and day 146 (F8), 
after infection
Cl and 02 
not killed
TABLE Experimental Design 
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Recovery of Parasites
Routine post-mortem examinations were carried out and after the 
collection of blocks of tissue for histopathology, larvae were 
recovered from the liver and lungs by mincing and baeïmanniising 
portions of the hepatic (25% by weight) and pulmonary (.33% by 
weight) tissue. Only one lung was used for larval recovery from the 
parenchyma, the other lung being floated in warm saline, after 
opening the ainvays, to recover larvae from the trachea, bronchi and 
bronchioles.
The contents of each part of the gastrointestinal trac t were 
collected separately and any large parasites were picked out. The 
remaining contents, or aliquot samples thereof in the case of the 
stomach and the large intestine, were formalinised and subsequently 
examined microscopically. A representative sample of the parasites 
recovered from each foal was measured.
Faecal Examination
To investigate the possibility  of a large-scale expulsion of 
parasites from the in testinal trac t, to tal 24 hour faecal collections 
were made t\fice weekly beginning on day 40, from the foals killed on 
days 73 (F6) and 106 (F7). These samples were ciumbled, then scanned 
with the naked eye.
Routine faecal samples from a ll animals were examined twice
weekly from day 40 for the presence of parasite eggs.
Recovery of Larvae from the Trachea
A foal which had been reared on grass was weaned at 3 months of
age, then maintained indoors under conditions which precluded any 
further parasitic  infection for one month. A single dose of 8,000 
P. equorum eggs was administered and on days l4, 15 and 17 after 
infection tracheal washings were collected from the standing animal
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using a small calibre fiberendoscope. The washings were examined 
microscopically for the presence of ascarid larvae.
RESULTS
Recovery of Parasites
The parasitic recoveries from the body organs are shown in 
Table 6 and the measurements of the parasites from the various 
sites  in Table 7-
Animal
Identi fi cation Fl F2 F3 F4 F5 F6 F7 F8
Killed Day 2 7 14 23 37 73 106 146
*Liver 0 272 4 0 0 NE NE NE
**Lungs 0 0 288 186 0 0 NE NE
***Airways 0 0 382 0 0 0 NE NE
Small Intestine 0 0 40 2090 4150 3195 751 123
Large Intestine NE NE 0 Ô 32 4 0
NE - not examined.
* Based on examination of 25% by weight of the to tal hepatic tissue.
** Based on examination of 33% by weight of the to tal pulmonary 
tissue.
*** Based on examination of the airways of one lung.
TABLE 6 N um bers o f  P . equorum  r e c o v e r e d  from  t h e
b o d y  o r g a n s  o f  f o a l s  a f t e r  i n f e c t i o n  w i t h
8 ,0 0 0  P .  equorum  e g g s .  '
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Animal
1denti fication
Killed
day Site
Mean Length 
(Range) ram
Fl 2 No larvae recovered
F2 7 Liver 0,727
(0 .5 8 0  - 0 . 9 6 3 )
F3 14 Liver 
Lungs/Ai rways
Small intestine
0 .7 5 6
2 .0 7 0
(1 .6 5 3  - 2 ,4 3 6 )
2 .2 1 8  
(2 .0 8 8  - 2 . 4 9 4 )
F4 23 Lungs 
Small intestine
0 .8 6 7  
(0 .7 5 4  - 1 .0 0 9 )
4 .4 9 0  
(4.205 - 5 .0 7 5 )
F5 37 Small intestine 1 9 .9  
(14 - 2 7 )
f6 73 Small intestine 7 4 .3  
(65  - 88)
F7 106 Small intestine 1 0 5 .4  
(81 - 1 2 9 )
f8 146 Small intestine 1 5 9 .0  
(135  - 1 7 5 )
TABLE 7  M e a su r e m e n ts  o f  P . equoruni r e c o v e r e d  from  t h e
b o d y  o r g a n s  o f  f o a l s  a f t e r  i n f e c t i o n  w it h
8 , 0 0 0  P . equoruffl e g g s .
(1) Liver
Day 2: No larvae were found in the liver at th is time, although 
the presence of multiple haemorrhagic spots on the surface of the 
organ suggested that larval penetration may have occurred*
Day 7î On day 7» 68 larvae, ranging from 0*580 - 0*963 mm in 
length were recovered from 25% of the hepatic tissue* These specimens 
were poorly differentiated m th a rather granular appearance and 
rounded heads (Figure 8); the lips could not be clearly defined 
(Figure 9). The oesophagus was bulb-shaped with a mean length of 
0 .1 8 0  nan or approximately one quarter of the body length. The ta il  
was pointed with a sub-terminal anus 0.043 mm from the tip  of the ta il, 
Day l4; Only one larva was recovered from 25% of the liver on 
day l4* This specimen, which measured 0*756 mm, was similar in size 
and structure to those found on day 7 *
Day 23 and Day 37: No larvae were found in the liver on either
day 23 or day 37 and larval recovery from this organ was not
subsequently attonpted.
(2 ) Lungs
Day 2 and Day 7: No parasites were detected in the lungs or
ain/ays on days 2 or 7 *
Day l4: On day l4, 96 larvae were recovered from 33% of the
to ta l pulmonary parenchyma and 191 larvae from the ain/ays of one 
lung. The parasites from these two sites were similar, ranging from
1 ,6 5 3  to 2 .4 3 6  mm in length (mean length 2.070 mm). The oesophagus 
measured approximately one sixth of the to ta l body length (0.348 mm) 
and the anus was 0.075 mm from the tip  of the t a i l .  Figures 10 and
11 show the head and ta i l  of a larva from the lungs, l4 days after
infection.
Day 2 3 Î On day 23 no parasites were found in the airways but 
62  larvae, with a mean length of 0 ,8 6 7  ram were recovered from 33%
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FIGURE 8 1 Larva recovered from the liver 7 days 
after infection with 8,000 P. equonini 
eggs. x 240
4 r
FIGURE 9 : Head o f  l a r v a  r e c o v e r e d  from  t h e  l i v e r
7 d a y s  a f t e r  i n f e c t i o n  w i t h  8 ,0 0 0
P . equorum  e g g s .  x  1 ,7 0 0
FIGUIÆ 10: Head of larva recovered from the lungs
l4 days after infection with 8,000
P. equorum eggs. x 500
FIGURE 1 1 ; T a i l  o f  l a r v a  r e c o v e r e d  from  t h e  lu n g s
1 4  d a y s  a f t e r  i n f e c t i o n  w it h  8 ,0 0 0
P . equorum  e g g s .  x  4 ? 0
of the to tal lung parenchyma. They were thus considerably smaller 
than those found in the lungs on day l4 (mean length 2 .0 7 0  m m ) ,  and 
were indistinct morphologically..
Day 37 and Day 73î No parasites were recovered from the lungs 
or airways at this time, and subsequently parasitic  recovery from 
these sites was not attempted.
(3) Small Intestine
Day 2 and Day 7 : No parasites were present in the contents of
the small intestine on day 2 or day 7*
Day 14: On day l4 a to ta l of 40 larvae with a mean length of
2.218 ram were found in the small intestine. They were similar 
morphologically to those isolated from the lungs and airways at 
th is time (Figure 12).
Day 23: On day 23 the small intestine contained 2,090 larvae
with a mean length of 4.490 mm. Not only had the larvae doubled in 
size between days l4 and 23» they had also undergone a moult and the 
specimens recovered on day 23 could easily be distinguished from 
those found on day 14 by the presence of 3 d istinct lips separated 
from the body by a marked constriction (Figures 13 and l4). The 
oesophagus was well-defined and bulb-shaped, measuring 0.707 mm or 
approximately one sixth of the to tal body length, and the anus was 
situated 0,139 mm from the tip  of the ta il  (Figure 15).
Day 37: The highest number of P. equorum was recovered on day
37» when 4,150 worms with a mean length of 19«9 mm were present in 
the small intestine i .e .  51.9% of the infective dose. Even so these 
parasites occupied a small volume only and did not cause any 
obstruction of the lumen of the bowel.
Day 73 : On day 73» parasites could be seen and palpated 
through the wall of the small intestine (Figure l6) and, on opening 
the in testinal wall many medium-sized ascarids spilled out
39
FIGURE 12; Larva recovered from the small intestine
l4 days after infection with 8,000 
P. equorum eggs. x 50
FIGURE 13 : Larva recovered from the small intestine
23 days after infection wixh 8,000 
P. equorum eggs. x 30
Æ 0
8,000
-rTf V. > • -.-'
8,000
(Figure I?)- In fact 3,195 P* equorum vere present, a take of 
3 9 . 9%, which was slightly lower than that recorded on day 37, but
. the remaining worms had increased in size to a mean length of
7 4 .2 8  mm.
Day 1 0 6 : A further decrease in numbers to 751 (9*4% take) had
occurred by day IO6 , v/ith an increase in the mean parasite length to 
1 0 5 .3 8  mm. The to tal volume occupied by the woms recovered from 
the foal k illed  on day IO6 was rather less than that of the vronns 
recovered on day 73 *
Day l46: A to ta l of 123 ascarids, ivhich varied in length from 
135 mm to 175 mm, were present on day l46, a talce of only 1.5%* The 
appearance of the small intestine containing these parasites before 
and after incision is  shoim in Figures I8 and 19*
The total parasitic  recoveries from the small intestine on
days 37» 73» IO6 and l46 are shown in Figure 20. In terras of the 
volume occupied by the parasites in the small in testine, the largest 
recovery was on day 7 3 , and subsequently there was a steady decrease 
in volume between days 73 and l46.
(4) Stomach
Stomach contents were examined on days 7, 14 and 23, but no 
parasites were found.
(5 ) Large Intestine
Thirty two large ascarids were present on day 73 and 4 on day 
1 0 6 . These worms were partia lly  digested and therefore were not 
measured. Microscopical examination of the contents of the large 
bowel was negative on each occasion.
Recovery of Parasites from Faeces
The 2 animals from which 24 hour faecal collections were 
examined showed an intermittent elimination of parasites over a 
prolonged period. The f i r s t  appearance of P. equorum in the faeces
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FIGURE 1 6 ; Parasites visible through the wall of 
the small intestine of a foal 73 days 
after infection with 8,000 P. equorum 
eggs.
m m
FIGURE 17 : Small intestine of a foal opened to
show parasites 73 days after infection 
with 8,000 P. equorum eggs.
FIGURE 1 8 : Parasites visible through the wall of
the small intestine of a foal l46 days 
after infection with 8,000 P. equorum 
eggs.
I
FIGURE 1 9 : Small intestine of a foal opened to
show parasites l46 days after 
infection with 8,000 P. equorum 
eggs.
FIGURE 20; Left to right, parasites 
recovered from the foals 
killed on days 37 ,  73 ,  
106 and l46 after 
infection with 8,00«D 
P. equorum eggs.
was recorded on day 45 in one animal (F7) and day 50 in the other 
(F6). Both foals were s t i l l  excreting worms when they were killed 
on days 73 and 106. Although the worms were p artia lly  digested 
before elimination and could not be measured, i t  was obvious that, 
as the infection developed, the size of the worms expelled in the 
faeces increased.
Development of Patency
Patent infections developed in the 2 surviving foals on days 
101 (f8) and 104 (F7), with counts of 150 asc. e.p.g. and 550 asc. 
e .p.g. respectively. One foal (F7) was k illed  on day 106 to determine 
the f^orm burden at th is time (751 P. equorum). The pattern of the 
faecal egg count in the remaining foal is  shown in Figure 21, which 
shows a marked variation in the values recorded from day to day, the 
highest count of 17,500 asc. e.p.g. being on day 124.
Examination of Tracheal Washings
In the foal examined endoscopically no larvae were present in 
the tracheal washings on days l4 or 15, but on day 16 a single 
P. equorum 1arva, 3.5&7 mm in length was found.
DISCUSSION
During this experiment, P. equorum larvae were recovered 
sequentially from the liver, lungs, airways and small intestine in 
sufficiently  large numbers to indicate that th is was the normal 
migratory pathway. Although the technique of mincing and 
baermannising a proportion of the hepatic and pulmonary tissue did 
not give an accurate quantitative estimation of the number of 
parasites present in the organ, i t  allowed a comparison to be made 
between the numbers of larvae recovered at specific times after 
infection.
41
n
D )
CD
0)
O
lO I<u
o
o
CO
o
OJ
0
•* -*H—
CO
CO
CO
“D
a,
o
00Ü
0  Æ 
w —  - P
.E V
§
•H+J
Ü
•H
c
\
oo
cU
<2
0
1
O)
g
s
i
O
O
O
CO
ooo
m
oooCM
-Ih a
8CNJ
ooo
UJBj B J 0 d  s B B g
CM
Early investigations of the life  cycle of Ascaris suuiu (Roberts, 
1934) suggested that there vere 2 parasitic moults in the lungs 
followed by one in the small intestine* However, la te r  work by 
Douvres et al « (1 9 6 9 ) on the morphogenesis and migration of A* suum,
indicated that larvae reached the liver within 6 hours after 
ingestion of infective eggs by young pigs, and the f i r s t  parasitic 
moult had taken place by 4 days. The larvae then migrated from the 
liver to the lungs between days 4 to 7» and returned to the small 
in testine from 8 to 10 days after infection* The same authors stated 
that the second parasitic  moult occurred in the small intestine at 9 
to 10 days, but they did not proceed to study the development beyond 
th is stage*
Both Roberts (1934) and Douvres et a l . (I9 6 9 ) believed that the 
infective stage of A. suum was the egg containing the ensheathed 
second stage larva and that there were 3 parasitic  moults. Araujo 
(1 9 7 2 ), however, examined the larvae of Ascaris lumbricoides, A. suum 
and Toxocara canis after incubating the eggs for 15 to 22 days in 1% 
aqueous formalin at 25°C. The eggs were hatched under pressure and 
the larvae examined using phase contrast and dark ground microscopy, 
when 2 d istinct cuticles could be seen at the larval extremities.
As a result of these findings Araujo (1972) suggested that there were 
2 preparasitic moults, so the infective larvae were in the third 
stage. I f  th is was the case then the moults observed in the liver 
and the small intestine by Douvres et a l. (19Ô9 ) were the third and 
final moults. Also the characteristics ascribed by these workers to 
the larvae after the in testinal moult would in fact be those of the 
young adult ascarid, not the fourth stage larva as had been assumed 
previously.
In th is investigation of the migratory pathway of P. equorum 
no larvae were recovered from the foal k illed  on day 2, but the
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presence of multiple haemorrhagic lesions on the surface of the liver 
suggested that parasitic invasion of this organ had already occurred. 
The failure to recover larvae at th is time may have been due to the 
small size of the parasites in relation to the fa irly  large pieces of 
minced hepatic tissue. However, the liver was the only s ite  in which 
P. equorum were found on day 7» when a ll the specimens were small and 
poorly differentiated. The stage of development was not determined 
and the possibility  of the occurrence of a larval moult either in the 
in testinal submucosa or in the liver was not confirmed.
Specimens isolated from the lungs, airv/ays and small intestine 
on day l4 were similar both in size and morphology and resembled those 
recovered from the liver at th is time although the hepatic forms were 
considerably smaller. I t  was not possible to state  whether a 
parasitic  moult occurred in the lungs, but the morphological 
sim ilarity between larvae found in the liver, lungs and small 
Intestine on day l4, tended to suggest that they were a ll at the 
same stage of development.
Between days 14 and 23 the ascarids in the small intestine 
underwent a moult. The la te r larval stages were recognised by the 
fact that 3 prominent lips were demarcated from the head by a 
constriction, and the internal morphology was more d istinct. The 
head resembled that of the larvae described by Douvres et a l . (I9 6 9 ) 
as being the fourth stage, but the possibility that th is description 
referred to the young adult has already been discussed.
Numerically, the largest recoveries from both the lungs and 
airways were on day 14, when the parasites had a size range of
1 .6 5 3  to 2 .4 3 6  mm. A small number of larvae, from 2.038 to 
2 .4 9 4  mm were present in the small intestine at this time. Similar 
results have been reported by other workers who have attempted to 
recover larvae following experimental P. equorum infections.
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Hadwen (1925) found lar\’-ae approximately 2 mm long in the aiiways and 
duodenum of a foal which had been infected twice, 20 days and 7 days 
earlier, whereas Lyons et al * (1976) recovered larvae from the lungs 
but not the small intestine on day l4 and from both of these sites on 
day 17* The parasites described by Lyons et a l , (1976) were in the 
size range of 1.4 to 2.7 mm on day l4, whereas by day 35 they 
ranged from 6.5 to 10.0 mm long.
At post-mortem examination the recovery of many larvae from 
the airways on day l4 was followed by an increase in the number of 
worms present in the small intestine on day 23 suggesting that 
parasitic  migration from the lungs to the gastrointestinal tract 
was via the trachea. The recovery of an ascarid larva from the 
tracheal washings of a live foal 17 days after experimental 
P. equorum infection gave further support to the theory of a tracheo- 
oesophageal route of migration.
No larvae were found in the airways on day 23? which would 
seem to indicate that tracheal migration to the gastrointestinal 
trac t had ceased. The larvae which remained in the pulmonary 
parenchyma at th is time were remarkable for their uniformly small 
size (0 .7 5 4  to 1 .0 0 9  mm) compared with those found in the same site  
9 days earlier ( I .6 5 3  to 2.436 mm) and i t  is  possible that the 
remaining larvae were the target of an immunological response 
leading to their destruction. Ivhatever the cause the larvae which 
die or are destroyed in the lungs are thought to form the basis of 
the lymphocytic nodules described in Chapter 1.
Following their return to the intestinal trac t the ascarids
increased rapidly in size. Between days 14 and 23 they doubled
in length, and over the ensuing l4 days there was a fourfold
increase in the mean parasite length- Even so, the worms
recovered on day 37 did not cause any obstruction of the in testinal
lumen. In the surviving foals the worms continued to increase in
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size but decreased in number from the highest recovery of 4,150 
ascarids on day 37 to only 123 ascarids on day l46. This fa ll in 
numbers was associated with the elimination of worms in the faeces 
from around day 45 onwards. Douvres et a l . (I9 6 9 ) described an early 
elimination of ascarid larvae from the digestive trac t of pigs with 
10 to 15 day-old infections, which they related to the second 
parasitic  moult, whilst Schwartz (1959) reported that, from 21 to 30 
days after pigs ingested infective eggs of A. suum, larvae were 
eliminated on a "significant scale" and that th is was associated with 
the final moult to the adult stage. I t  is  possible that sensitisation 
to moulting fluid could lead to an expulsion of P. equorum during the 
final parasitic  moult, the timing of which is  uncertain.
Another factor which may influence the elimination of worms is  
overcrowding. The greatest mass of parasites was recovered from the 
foal k illed  on day 73 during the expulsive phase of the infection.
In the animals k illed  subsequently, ascarids were not only less 
numerous but occupied a smaller to tal volume. I t  would seem that when 
large numbers of ascarids develop in the small intestine the resulting 
competition for space and nutrients is  such that i t  is  not possible 
for a ll the parasites to grow to maturity without causing an occlusion 
or indeed a rupture of the small intestine, a syndrcxne not frequently 
reported from the field .
The prepatent period of P. equorum is variable. In this 
experiment ascarid eggs f ir s t  appeared in the faeces 101 and 104 days 
after infection, which is  longer than the 80 days and 83 days recorded 
in Chapter 1. Other studies in worm-free foals have shown a similar 
range in the prepatent period including tliose of Bello et a l . (1973), 
who found that 3 out of 10 ponies already had ascarid eggs in the 
faeces 84 days after infection, and the remainder became positive 
between days 91 and 105* Lyons et a l . (1976) found prepatent periods
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in the range of 72 to 110 days, and these workers described the 
subsequent faecal egg counts in 2 animals; a 5 month-old foal 
continued to excrete ascarid eggs for 119 days with counts of 50 to 
430  asc* e.p.g. which was equivalent to a to tal daily output of 
2 ,6 9 0  to 1,115,400 eggs, ^vhereas in a one year-old animal the 
infection was patent for only 35 days with counts of 10 to 500 asc. 
e.p.g- In this experiment the faecal egg count of foal F8 was 
followed for 45 days, during which a maximum value of 1 7 ,5 0 0  asc. 
e.p .g . was found on day 124. This was equivalent to a to tal daily 
output of around 50 million ascarid eggs. There was, however, a 
marked variation in the daily faecal egg count, only 50 asc. e.p.g. 
being found on day 1 3 6 , thus emphasising the limited value of faecal 
examinations as an estimate of worm burdens.
In her survey of Thoroughbred foals Russell (1948) found that 
every foal became infected with P. equorum and the ascarid faecal egg 
counts rose sharply to reach peak values at 16 to 18 weeks. The 
counts then declined steadily, many foals ceasing to pass eggs around 
6 months of age. The average ages at which patent ascarid infections 
developed in foals reared naturally have been recorded as 84 to 91 
days (Russell, 1948), and 77 to 98 days (Todd et a l ., 1949). This 
would seem to indicate that foals reared naturally become infected 
very soon after b irth . In the experiment recorded here, although the 
foals were under one month of age at the time of infection, they had 
comparatively long prepatent periods of 101 and 104 days. In the 
preliminary experiment described in Chapter 1 foals aged 4 to 6 
months developed patent infections on days 80 and 83 after infection 
with 160 eggs and 8,000 eggs respectively. I t  seems likely that 
the length of the prepatent period may be influenced both by the age 
of the foal and by the magnitude of the infection.
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CONCLUSIONS
After a single infection of 8,000 P. eguoruitn eggs larvae were 
found sequentially in the liver, the lungs and the small intestine 
in sufficient nLmibers to indicate that this was the normal migratory 
pathway. Two days after infection no larvae were recovered from the 
body organs, but the hepatic lesions suggested that penetration of 
the liver had already occurred. The only s ite  from which parasites 
were recovered on day 7 was the liver but by day l4 the majority had 
moved on to the lungs and a small number were present in the small 
in testine. Between l4 and 23 days after infection most of the larvae 
returned to the gastrointestinal trac t and the recovery of an ascarid 
larva from the tracheal washings of a foal 17 days after experimental 
infection gave support to the theory of a tracheo-oesophageal route 
of migration.
The larvae moulted within one week after reaching the 
predilection s ite  in the cranial part of the small intestine, and 
were then easily recognised by the presence of 3 d istinct lips at 
the anterior end. The young ascarids grew rapidly in size but the 
recoveries decreased in number after day 37 and th is was associated 
with an expulsion of dead worms in the faeces.
Patent infections developed on days 101 and 104 with high 
faecal egg counts of up to 17,500 asc. e.p.g. in the surviving foal.
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CHAPTER 3
THE PATHOGENESIS OF PARASCARIS EQUORUM INFECTION
SUMMARY
Eight worm-free pony foals, aged 2 to 4 weeks, received a 
single infection of 8,000 Parascaris equorum eggs and the clin ical, 
haematological and biochemical changes were monitored. The foals 
were k illed  at intervals after infection to investigate the route 
of larval migration, which has been described in Chapter 2, and 
th is was integrated with a study of the sequential, pathological 
changes.
Larval migration through the liver was associated with fibrosis 
and cellu lar in filtra tio n  around the portal triads, but clinical 
signs were not seen at this time and no evidence of hepatic 
dysfunction was found using the Norraotest.
Two to 4 weeks after infection, a cough and a mucoid or purulent 
nasal discharge were present as the larvae migrated through the 
respiratory system and returned to the small intestine via the trachea. 
In the lungs there was a cellular in filtra tio n  around the small 
vessels and ai.rv/ays, composed in itia lly  of eosinophils but these were 
la te r  replaced by lymphocytes. An additional feature on days 23 and 
37 was the presence of multiple, subpleural, lymphocytic nodules, 
which resolved over a period of several months. A circulating 
eosinophilia occurred during the migratory phase of the infection 
and corresponded v/ith the periods of hepatic and pulmonary eosinophilia,
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During the la te r stages of the infection, from the third month 
onwards, the groi^ rth and development of a large number of ascarids in. 
the in testinal lumen was accompanied by unthriftiness and lethargy, 
with a marked depression of the growth rate.
INTRODUCTION
The results of the preliminary experiment described in Chapter 1 
provided some useful information on the clinical and haematological 
changes associated with P. cquorum infections. I t  was considered 
necessary, however, to study these aspects of infection in a larger 
group of animals before the information could be correlated with the 
findings concerning the life  cycle and migration of the parasite.
The experiment described in Chapter 2, which involved serial 
k il ls  of a group of foals, was used in a detailed study of the 
clin ical, haematological and sequential pathological changes following 
P. equorum infection- After evaluation of the data from this 
experiment (Experiment 1), a further study was designed in order to 
provide more information on the in testinal phase of the infection 
(Experiment 2).
EXPERIMENTAL DESIGN
(a) Experiment 1
The design of this experiment is  sho\m in Table 8- In summary,
8 %/orm-free foals, aged 2 to 4 weeks, were killed at intervals of 
2, 7î 14, 23Î 37, 73, 106 and l46 days after a single infection of 
8,000 P. equorum eggs. Tifo uninfected foals acted as controls for 
the clinical and haematological changes.
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10 worm-free foals 
2-4 weeks old
8 foals 2 foals
8,000 P. equorum eggs Uninfected
controls
One foal k illed  on days 
2 , 7, 14, 2 3 , 37, 73,
Not
killed
106 and l46 after 
infection
TABLE 8 Experiment 1 Design
(b) Experiment 2
A plan of th is experiment is  shown in Table 9- Six worm-free 
foals under one month of age wore used. Four foals received a single 
infection of 3,000 P. equorum eggs, but the infection was allowed to 
develop to maturity in only 2 animals, which were killed  I 85 days 
afte r infection (Group A). The other 2 infected foals were treated 
each weeic with an^nthelmintic starting 4 weeks after infection 
(Group B). The anthelmintic chosen was known to be effective 
against ascarids present in the intestinal trac t and i t  has been 
shown in Chapter 2 that the majority of P. equomm larvae returned 
to the intestine during the third and fourth weeks after infection. 
Therefore, in the foals in Group B, larval migration through the 
liver and lungs proceeded as usual, but the subsequent development 
in the small intestine was prohibited. The 2 remaining foals 
(Group C) acted as uninfected controls for the clinical and 
haematological changes.
The foals were weaned at 6 weeks of age.
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m im arketed a sea ri ci dal drus-
6 worm-free foals 
2-4 weelcs old
2 foals
8,000 P, equorum eggs
Maintained until the 
development of 
patent infections
Killed on day 185 
a fte r infection
2 foals
8,000 p. equorum eggs
Treated with 
anthelmintic at 
weelcly intervals 
from 4 weeks after 
infection
Not killed
2 foals
Uninfected
controls
Not killed
GROUP A GROUP B GROUP C
TABLE 9 Experiment 2 - Design
SECTION I 
CLINICAL SIGNS
MATERIALS .AND METHODS
(a) Experiment 1
Clinical examinations were performed daily and when signs of 
respiratory disease developed special procedures were employed: 
thoracic radiographs were taken in the standing position l6, 24 
and 31 days after infection, and endoscopic examination of the 
aincays was performed under general anaesthesia on day iG. Also 
serum samples, collected during the respiratory illness and again 
6 weeks la te r, were examined for the presence of a rising t i t r e  to 
the following viral pathogens of the equine respiratory trac t: 
equine influenza (Prague stra in), equine influenza (Miami strain), 
equine rhinovirus type 1, equine rhinopneumonitis and adenovirus.
Body weights were recorded at weeltly intervals and routine 
faecal samples were examined tifice weekly from day 4-0.
(b) Experiment 2
Body weights were recorded at weekly intervals from birth . 
Brief clinical examinations were performed daily, and faecal samples 
were examined twice weekly from day 40 for the presence of ascarid 
eggs.
RESULTS
(a) Experiment 1
Table 10 summarises the clinical changes.
Rectal Temperatures
These remained between 37*4^0 and 3 8 . 9°C, which is  within the 
normal range.
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Respiratory Signs
Two to 4 weeks after infection, the remaining 5 infected foals 
showed signs of respiratory disease. In each animal spontaneous bouts 
of coughing were f i r s t  noted around day 13 and persisted for one to 5 
days. During this time and for a few days after spontaneous coughing 
ceased, a cough could be induced by gently squeezing the trachea. A 
bila teral mucoid or purulent nasal discharge accompanied the cough 
and Figure 22 shows the typical white or greenish discharge which 
tended to become dried and crusted around the nostrils . The severity 
of the respiratory signs varied greatly between individuals, but in 
a ll cases the respiratory rate and character remained nonnal and 
there were no signs of systemic illness. One animal, F6 , which had 
minimal respiratory signs coughed for one day only and did not develop 
a nasal discharge, while the most severely affected foal, F8 , had both 
a cough and nasal discharge for over 3 weeks.
Serum samples taken during the respiratory illness and again 6 
weeks la te r  showed no evidence of a rising antibody t i t r e  to any of 
the common viral pathogens of the equine respiratory trac t. The 
results of these investigations are shown in Table 11.
Endoscopic examination of foal F7 on day l 6 revealed a copious 
amount of tracheo-bronchial exudate in the major airways (Figure 2 3 ), 
which looked glistening, white and frothy. Tracheal washings from 
th is animal contained epithelial cells, bacteria, macrophages, masses 
of disintegrating neutrophils and occasional eosinophils, but 
parasitological examination of the washings was negative. No pus was 
present in the trachea of the control foal Cl and no cells were found 
in the tracheal washings from this animal.
No abnormalities of the pulmonary or bronchial areas were visible 
on thoracic radiographs of foals F7 or Cl on days l 6 , 24 or 3I, 
Photographs of the X-ray plates obtained on day 16 are shown in Figures 
24 and 25-
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Days after Animal
Infection f6 f? F8 Cl C2
Equine influenza 16 <8 <8 <8 <8 <8
(Prague strain) 6o <8 <8 <8 <8 <8
Equine influenza 16 <8 <8 <8 <8 <8
(Miami strain) 6o <8 <8 <8 <8 <8
Equine rhinovirus 16 10 10 10 10 10
Type 1 60 10 10 10 10 10
Equine rhinopneumonitis 16 12 48 16
60 <8 32 <8 <8
Adenovirus 16 <8 24 <8 8 16
60 <8 <8 <8 <8 <8
TABLE 11 Antibody ti tre s  of foals to respiratory viral 
pathogens following infection with 8,000 
P. equorum eggs.
Body Weights
Clinically, loss of condition became obvious in the infected 
foals from around day 60 onwards, while the controls maintained good 
to fat bodily condition. Foal f6 showed a particularly  rapid loss of 
condition before i t  was killed on day 73, and P? and F6 were both very 
thin when k illed  on days 106 and l46.
The weight changes of the 2 controls and the 2 infected foals, 
which were maintained until the development of patency are 
represented graphically in Figure 2 6 . All the foals suffered a set­
back after weaning, but Vidthin 30 days the controls had resumed their 
pre-weaning growth rates of 0.5 kg/day. During the late prepatent 
period, however, the mean weight gain of F? and F8 was reduced to 
0.17 kg/day. Over the entire prepatent period the increase in body
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weight of the infected foals was decreased by 50% compared with the 
controls. The clinical effect of these differences in growth rates 
are shown in Figures 2? and 2 8  ^ and the complete body weight values 
are recorded in Appendix 6.
Other Clinical Signs
From day 50 onwards the infected foals became increasingly dull 
and lethargic, and spent long periods lying down. Inappetance was not 
a feature, however, and between periods of recumbency they ate hay or 
hard food. The controls, meanwhile, were bright and active.
There were no signs of intestinal disturbances such as colic or 
diarrhoea and nervous signs were not seen.
Development of Patency
Patent infections developed on days 101 and 104 in foals F8 and 
F7 respectively, and the faecal egg counts of these animals are 
recorded in Appendix 7 and have been discussed in Chapter 2. The 
faeces of the controls were consistently negative for parasite eggs.
(b) Experiment 2
The infected foals (Groups A and B) developed a spontaneous 
cough with a slight nasal discharge during the third week after 
infection; the controls were not affected.
Changes in body weights of the individual animals are shown in 
Figure 29 and, as in Experiment 1, a ll the foals showed a setback and 
failed to gain weight for about 30 days after weaning. The uninfected 
controls (Group C) gained 44 I g and 50 I g over the experimental period 
of 185 days, while the infected but treated foals (Group B) gained 
48 Kg and 54 Kg- All of these animals maintained good condition and 
had negative faecal samples-
One of the infected, untreated foals (Group A) maintained good
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FIGURE Foal clipped to show poor bodily 
condition 14G days after infection 
with 8,000 P. equorum eggs.
FIGURE 2 8 : Bodily condition of a foal 146 days
after infection with 8,000 P. equorum 
eggs (right, clipped) compared t^.th 
uninfected control ( le ft, undipped.)
1 0 0
G R O U P  A
O)
U i 50
0
100
c/)
g  50
wean ing
▲
A
▲
A
▲ A
A A A 
A
A
A
A
A
A A
G R O U P  B
0
w e a n i n g
♦
0
♦
0
♦
0
♦
0
♦
0
G R O U P
100
w e an ing
3^ 60
20015010050
days after infection
FIGURE 29 Changes in body weights of foals:
Group A - infected ^fith 8,000 P, equorum 
eggs.
Group B - infected with 8,000 P. equorum 
eggs and subsequently treated 
weekly with an anthelmintic.
Group C - uninfected controls.
condition putting on 52 Kg weight during the experiment. This 
animal had a positive faecal egg count of 50 asc. c.p.g, on day 82 
only, and at post-mortem examination a single P. equorum measuring 
22 mra was found. The other foal in Group A became progressively 
weak and emaciated, and gained only kg body weight. In this case 
a patent infection develpped on day 8 l and the faecal egg count rose 
to a peak value of 6 ,3 5 0  asc, e.p.g, on day 130, then declined to 
around 500 asc. e.p.g. by day I6 0 . A patent infection was maintained, 
however, until the foal was killed on day I 8 5 , when a to tal of 33 
mature P. equorum with a size range of l48 mra to 233 mra were present. 
The timing of the increase in faecal egg count is  superimposed upon 
the changes in body weight in Figure 30, shoiving that while the 
output of ascarid eggs was maintained at a high level the foal was 
actually losing weight, but as the faecal egg output declined so the 
body weight began to increase.
DISCUSSION
A study of the lite ra tu re  shows that a wide variety of clinical 
signs have been attributed to parascariasis, but most of these 
observations have been based either on field cases or on experimental 
P. equorum infections superimposed on a natural helminth burden.
While th is information from the field  provides a valuable addition to 
the knowledge of a disease and i ts  epidemiology, to be of real 
significance i t  should be backed up by laboratory results to confirm 
the diagnosis. Under field  conditions the animals are exposed to a 
spectrum of pathogenic agents, parasitic , b a c te r ia lv i r a l  and fungal 
in origin, a ll of which may contribute to the final disease picture.
Antipin and Stepanova (1948) studied the clinical aspects of 
parascariasis by giving massive infections of P. equoi'ura to a total
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of 7 animals which included both foals and mature horses- During the 
experimental period one of the infected animals had a chronic cough 
due to pulmonary emphysema, a second had strangles and a third 
developed a large abscess with systemic illness. In their control 
group of 4, two began to excrete ascarid eggs during the tr ia l  and a 
third died of unrelated causes. Thus, although Antipin and Stepanova 
(1948) made many pertinent observations, the value of their work was 
limited by the fa c ilitie s  available at that time. The same criticism 
may be applied to the studies of Hadwen (1925), who made no mention 
of controls and did not describe the conditions under which his 3 
experimental foals were maintained.
The only large-scale studies of experimental ascarid infections 
of worm-free foals maintained under controlled conditions are those 
of Bello et a l . (1973) and Lyons et a l . (1976). Both of these groups 
of wo liters, however, were concerned primarily with the efficacy of 
various anthelmintics against P. equorum, and their descriptions of 
the clinical aspects of the disease were limited. A much earlier 
paper (Vfelzel and Enigk, 1938) recorded the clin ical signs that 
followed ascarid infection of a single worm-free donltey foal.
In the series described here none of the foals died, but there 
are several reports in the lite ra tu re  of deaths due to intestinal 
impaction by masses of P. equorum with or without subsequent rupture 
and periton itis . Drudge and Lyons (1977), in a review of the 
pathogenicity of the common internal parasites of the horse, stated 
that the primary danger in parascariasis was rupture of the small 
intestine resulting in fatal periton itis . In their opinion this 
complication was not necessarily related to the number of worms 
except that "more than a few are required and a large number would 
be more likely to cause a rupture." These authors also noted a 
seasonal incidence Afith deaths in the autumn and early winter, which
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f i ts  in with the breeding season of the horse and the prepatent 
period of the parasite. Bello et a l . (1937) reported that 2 out of 
5 foals died of in testinal impaction follo\d.ng a monospecific 
infection of 5,000 P. equorum eggs, and at post-mortem examination,
582  and 1 ,1 1 8  P. equorum were found in their in testinal trac ts .
Several clinicians have recorded one or more fa ta litie s  
attributable to parascariasis. Wiltshire (1954) recalled at least 
one death each year due to in testinal obstruction, whilst Lang (1948) 
reported 3 cases of massive fatal ascarid infections in yearlings. 
Rylands (1971) and Orr (1972) each recorded a single case of rupture 
of the small intestine. In Ryland's (1971) report a 10 month-old 
colt died after an acute illness lasting less than 12 hours. At 
necropsy examination a hole, 1 cm in diameter and plugged -with adult 
P. equorum, was found in the wall of the small intestine, while the 
lumen at th is point was packed with ascarids. Orr (1972) described 
the case of a 4 month-old colt which died within 24 hours of the 
onset of clinical signs. Post-mortem examination in th is case 
revealed a perforated duodenal ulcer, mth one ascarid in the 
peritoneal cavity and 3 in the stomach» I t  was the author’s opinion 
that the action of these worms had resulted in the perforation.
A rather unusual case of ascarid penetration through the 
in testinal wall was given by Lebailly and Cadillac (1957), who 
described the clin ical and post-mortem findings in a 15 year-old 
horse. Animals of th is age are rarely affected by parascariasis, 
but in this case one specimen was found encysted in the mesentery 
and another was attached to the parietal peritoneum. I t  was supposed 
that rupture was due to the direct action of the parasites, but i t  is 
possible that the rupture resulted frtxa some undiagnosed and unrelated 
cause. In their discussion of parascariasis, Lebailly and Cadillac 
(1 9 5 7 ) cited another worker Carpentier (1939) who was said to have
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seen 23 cases of intestinal rupture in horses due to P. equorum 
probably the largest series of such cases.
Respiratory disease has often been associated with parascariasis 
but Drudge and Lyons (1977) made the point that experimental evidence 
in support of this theory was lacking and, indeed, they fe lt  that 
ascarid larvae had been unjustly blamed as a cause of coughing in 
foals. In addition, Lyons et  a l . (1973) saw no evidence of 
pathogenic effects due to larval migration through the body tissues. 
However, in the 2 experiments described here the infected foals 
developed a cough and nasal discharge during the third week after 
infection, whilst controls in the same air-space were free of. 
clinical signs. The timing of the respiratory disease corresponded 
to the period of larval migration from the lungs to the gastro­
in testinal trac t and i t  would seem reasonable to assume that the 
pulmonary migration of P. equorum was at least partia lly  responsible 
for the development of the respiratory signs.
The findings of other workers have suggested a relationship 
between ascarid infection and the development of respiratory disease. 
The donkey foal, which was experimentally infected by Wetzel and Enigk 
(1938)1  received 2 doses of 100 P. equorum eggs on alternate days 
and was seen to cough sporadically between the tenth and eighteenth 
days after infection. Similarly both Hadwen (1925) and Antipin and 
Stepanova (1948) recorded the presence of a cough during the early 
prepatent period following massive P. equorum challenge of foals with 
pre-existing natural infections. Indeed the investigations of Hadwen 
(1 9 2 5 ) were prompted by an outbreak of ascariasis in young foals at 
the University Faim in Saskatoon, where 3 animals died and the 
remainder suffered from 'colds’. The diagnosis in this instance was 
based upon the expulsion of large numbers of ascarids following 
anthelmintic treatment, but this was insufficient evidence to
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establish a "cause and effect" relationship, since most foals of 
th is age would be expected to carry significant ascarid burdens.
Wiltshire (1954) noted, in retrospect, that some of the foals 
which died of intestinal obstruction by ascarids had shown earlier 
symptoms of lung damage and, according to Russell (1948), the 
presence of a cough and sticky nasal discharge at weaning time was 
often attributed to ascariasis by the owners.
Apart from the presence of a cough and nasal discharge during 
the early stages of infection, the most obvious clinical signs of 
parascariasis, in the studies described here, were progressive 
emaciation v;ith increasing weakness and lethargy. Four out of 5 
foals infected vn.th 8,000 P. equorum eggs had poor growth rates and 
loss of condition became an obvious feature from about day 60 onwards, 
whereas infected foals treated with an anthelmintic after larval 
migration through the liver emd lungs had normal groivth rates- In 
Chapter 2 i t  was shown that the ascarids found in the small intestine 
on day 37 occupied a small volume only, but by day 73i although the 
number of parasites had decreased, their volume had increased 
enormously. Therefore, i t  would seem that progressive unthriftiness 
was associated with the presence of a large mass of P. equorum in 
the small intestine. Inappetance was not an obvious feature, but 
the unthrifty foals spent increased periods of time lying down, so 
that food intakes may have been reduced in these animals.
The one infected, untreated foal which had a growth rate 
comparable to the controls did not have a heavy in testinal burden 
of ascarids, only one parasite being recovered at necropsy 
examination. This finding supported the theory that unthriftiness 
depended upon the presence of a heavy ascarid burden in the 
in testinal lumen, although i t  raised another interesting question in
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that the reason for the failure of parasites to become established 
in th is animal was not I<nown.
Bello et a l . (1973) recorded increasing wealtness in 8 out of 
10 foals as infections of 3,000 P. equorum eggs became patent and 
developed. Five foals, including one which maintained normal 
condition, were subsequently treated with an anthelmintic, so that 
in testinal worm burdens were not determined in these animals. An 
average of 559 ascarids were recovered at necropsy from the 5 
untreated foals, and i t  is  significant that the one which was 
unaffected clin ically  had only 56 ascarids, a much smaller number 
than the unthrifty foals in the group. The failure of Lyons et a l . 
(1 9 7 6) to mention the physical condition of their experimental foals 
may have been due to the fact that none of these animals was 
maintained beyond 49 days, and obvious debility would not have been 
expected at th is time.
Progressive loss of condition and a pot-bellied appearance were 
noted after infection of young foals by Antipin and Stepanova (1948), 
whereas animals which were over 5 months of age at the time of 
challenge were not affected in th is way. Chebotar’ov (1950) was of 
the opinion that parascariasis was responsible for wasting and a 
decrease in working capacity, which presumably referred to mature 
horses, and finally Wiltshire (1954), from his observations of 
naturally reared foals, was in no doubt that ascariasis was a 
debilitating disease.
In the pig the development of clinical signs is  usually 
confined to the early stages of ascarid infection and Taffs (I9 6 9 ) 
described the development of coughing, unthriftiness and loss of 
weight in th is species, a syndrome almost identical to that described 
in foals. Kelley, Olsen and Hoerlein (1958) also recorded 
respiratory dysfunction 6 to 12 days after ascarid infection of
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piglets. Nickel {i9 6 0 ) studied the weight gains of fattening pigs 
following experimental Ap suum infection and found that the migratory 
larval stages but not the presence of mature wonns caused a decrease 
in the daily weight gains.
Pyrexia was not a feature of the P. equorum infections 
presented here although rectal ttsnperatures were taken daily during 
the experimental period. However, several authors, including Hadwen 
(1 9 2 5), Antipin and Stepanova (1948) and Ryazantsev (1956), have 
recorded fever at intervals varying from one day to several months 
afte r P. equoraim challenge. The timing of the febrile episodes 
showed no consistent pattem  and may have been due to causes unrelated 
to parasitism, since a ll foals are exposed to a multitude of pathogenic 
agents, most of which can induce a mild pyrexia in the non-immune 
animal. The effect of P. equorum in this respect is  probably less 
significant than early workers believed.
Other clinical signs sometimes attributed to P. equorum 
infection include colic (Antipin and Stepanova, 1948; Ryazantsev,
1 9 5 6 ) and nervous disturbances or f i ts  (McBarron, 1948), but again 
i t  is  speculative whether or not these signs were in fact associated 
with ascariasis. For instance the description given by McBarron 
(1948) of a horse "simulating an epileptiform seizure" involved an 
acute illness with tachycardia, hyperpnoea and pain in the 
diaphragmatic region. The horse died the same day and at post-mortem 
examination was found to have periton itis with numerous ascarids in 
the in testinal lumen but no mention was made of a perforation of the 
small intestine. Wien presented with another horse prone to similar 
" fits"  and with a high ascarid faecal egg count, McBarron (1948) 
administered anthelmintic treatment, numerous ascarids were expelled 
and no further "fits"  occurred in the ensuing 18 months.
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In conclusion i t  may be stated that the early stages of 
P. equorum infection are often accompanied by a cough and nasal 
discharge, though the aetiology of the respiratory disease may be 
complex. When a heavy ascarid burden is present the la te r  stages 
of the disease are marked by unthriftiness and lethargy, although 
larval migration through the liver and lungs does not appear to 
cause any permanent dysfunction. These were the only clinical 
changes observed in experimental P. equoiaini infections in wonn- 
free foals.
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SECTION II 
(1) PATHOLOGY
MATERIAI.S AND METHODS
All the foals were killed using a humane k ille r  and routine 
post-mortem examinations performed. In each case tissue blocks for 
histological examination were taken from the liver, the lungs and 
the small in testine. The bloclcs were selected both from areas which 
were apparently normal and from areas showing macroscopic lesions. 
The fixation and staining procedures have been described in an 
earlier section.
PATHOLOGY OF THE LIVER
RESULTS
A range of macroscopic and microscopic lesions were detected 
in the foals k illed  at varying intervals after infection.
Day 2
In the foal killed 2 days after infection the outstanding 
change was the presence of small (less than 1 mra diameter), focal, 
red spots on the surface of the liver. These lesions were scattered 
over a ll surfaces, particularly the visceral surface.
On microscopical examination irregular, narrow tracts were 
present throughout the liver. These were congested and in filtra ted  
by small numbers of mononuclear cells and eosinophils, v/ith a few 
neutrophils and macrophages. The tracts were most obvious beneath 
the capsule (Figure 31), extending into the liver along the in ter­
lobular septae and they were also numerous in the interlobular 
tissue between adjacent portal triads (Figure 32). Haemorrhage and
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FIGURE 31 : In filtra tion  by eosinophils beneath
the capsule of the liver of a foal 
l4 days after infection with 8,000 
P. equorum eggs. x 110.
FIGURE 32: In filtra tion  by eosinophils in the
interlobular tissue of the liver of 
a foal l4 days after infection with 
8,000 P. equorurn eggs. x 85-
necrosis of the hepatocytes was minimal, although some haemosiderin- 
conta5.uing macrophages v/ere seen*
Day 7 and. Day l4
The focal, red spots described above had decreased in miinber 
by day 7 and on day 14 very few remained. The most obvious feature, 
however, v/as the presence of small, white lesions, divisible 
morphologically into two types. Some were rather diffuse and 
irregular in shape, while others were more discreet and rounded 
(Figure 33)» They were found both on the liver surface and within 
the parenchyma, and the rounded lesions on the surface took the 
form of raised, subcapsular nodules (Figure 33)- Only a few of 
these white lesions were present on day 7i but there had been a 
marked increase in number by day l4.
Microscopical examination showed a cellular in filtra tio n  
consisting mainly of lymphocytes and eosinophils, but the proportions 
of these two cells varied between different areas in a single 
section. When eosinophils were present in large numbers the lesions 
tended to be rather diffuse and irregular in outline, whereas wnen 
lymphocytes predominated the lesions were more discreet and rounded. 
Days 23 and 37
The focal, red spots were no longer present but small numbers 
of white, rounded or irregular lesions were present in the livers 
of the foals killed 23 and 37 days after infection and on day 23 
a few white, fibrous tracts were seen on the visceral surface. 
Macroscopically the fibrous reaction was less marked by day 37, 
but on sectioning the liver i t  gave the impression of being firmer 
than usual.
Histological examination confirmed the presence of a fibrotic 
reaction on days 23 and 37, 'dien fibrous tissue was found primarily
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mFIGURE 33 The surface of the liver of a foal 
l4 days after infection with 8,000 
P. equorum eggs showing diffuse, 
irregular, white lesions and raised, 
subcapsular nodules.
around the portal triads and extending between the hepatic lobules. 
The amount of fibrosis was variable even between different areas 
of a single section and, although sometimes associated with 
cellu lar in filtra tio n , quite extensive fibrosis was often present 
in the absence of a cellular reaction (Figure 34). The in filtra tio n  
was prominent around the portal triads and again consisted mainly 
of lymphocytes and eosinophils together v/ith some plasma cells 
and mast cells. The cellular reaction was particularly marked 
around interlobular branches of the portal vein and thrombosis was 
occasionally seen (Figure 35)*
Days 73, 106 and 146
By 73 days after infection a few, white spots remained but 
the fibrous reaction, which had been a feature on day 37 was no 
longer evident on macroscopic examination. On days 106 and l46 
one or two rounded nodules were s t i l l  present on the liver surface.
The histological changes were essentially similar to, but 
less marked than those seen on day 37i with fibrosis and cellular 
in filtra tio n  around the portal triads.
DISCUSSION
The recovery of P. equorum larvae from the body organs has 
been described in Chapter 2. Using a technique of mincing and 
baermannising the tissue no larvae were recovered from the liver 
2 days after infection but the presence of numerous haemorrhages 
suggested that penetration had already occurred. This was supported 
by the histological appearance of the organ with irregular, narrow 
trac ts  in filtra ted  by mononuclear cells and eosinophils. The liver 
was the only organ from which parasites were recovered on day 7,
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%FIGURE 34 : Fibrous tissue reaction in a portal
triad of a foal 23 days after 
infection with 8,000 P. equorum eggs. 
X  2 5 0 .
FIGURE 33: Reaction in a portal triad  of a foal
23 days after infection v/ith 8,000 
P. equorum eggs. There is  in filtra tio n  
by eosinophils and thrombosis of a small 
branch of the portal vein. x 250.
but by day l4 the majority had moved on to the lungs* No larvae 
were found in the liver on subsequent occasions.
An early description of the hepatic changes following ascarid 
infection of foals was given by Hadwen (1923) who administered 
massive challenge infections of P. equorum, superimposed on an 
undertermined naturally acquired helminth burden. In a 4 month-old 
foal infected t\d.ce, 54 days and 33 days before necropsy examination, 
he described a granular degeneration of the hepatocytes with 
accumulations of eosinophils under the liver capsule and around the 
vessels. Hadwen (1925) believed that this distribution of eosinophils 
indicated that the larvae migrated in the connective tissue around 
the vessels.
Two other helminth parasites of the horse, which include a 
period of hepatic migration in their life-cycles, are the large 
strongyles, Strongylus equinus and Strongylus edentatus. The larvae 
of S. equinus migrate through the liver capsule causing a haemorrhagic, 
fibrinous inflammation of the capsule, then penetrate the ducts, which 
heal with considerable scarring (Enigk, 1970). In the case of 
S. edentatus the larvae reach the liver via the portal circulation 
and, according to McCraw and Slocombe (1974), within 2 to 4 days 
a fte r infection small, white foci appear on the surface. These are 
similar in nature and distribution to the lesions seen in the 
present study during P. equorum migration, but d iffer slightly  in 
the time of appearance and the extent of the cellu lar reaction, 
which was apparently more marked in S. edentatus infection. As the 
strongyle infection progressed McCraw and Slocombe (1974) noted 
that some hepatic foci had a "core" of necrotic eosinophils enclosing 
remnants of a larva, but lesions of this type were not seen in the 
present study of P. equormn infection.
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Ascaris suum infection in the pig has been the subject of 
much research and the pathological change most commonly described 
in this species is  the "milk spot" lesion, which was considered 
to be a chronic, focal, in te rs titia l hepatitis (Oldham and White, 
1944). From their studies of single and repeated A. suum 
infections of specific pathogen free piglets, Ferguson, Mebus and 
Twiebaus (1 9 6 8 ) formed the opinion that the milk spot lesion was 
a hypersensitivity reaction. Copeîiian (l97l) described 2 d istinct 
types of hepatic lesions in experimentally infected pigs; f irs tly , 
diffuse, white areas composed of thickened capsular connective 
tissue, which developed after both primary and challenge infections, 
and secondly, discreet nodules, which were present only after 
reinfection. According to Nieberle and Cohrs (I9 6 7 ) nematode 
larvae may be arrested in the liver sinusoids, where the dead 
larva acts as a foreign body leading to the development of an 
inflammatory focus, visible grossly as a circumscribed, greyish- 
white nodule. These authors stated that i t  was possible to 
recognise parasitic material in the fresh nodules, but in older 
foci the larva disintegrated and was no longer v isib le. I t  would 
seem, therefore, that the development of discreet, circumscribed 
nodules in the liver is  a non-specific reaction to the presence 
of a foreign body. In the experiment described here i t  is probable 
that the antigenic material was a dead ascarid larva, although 
larval remnants were not recognised in the sections examined.
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(2) PATHOIvOGY OF THE LUNGS
RESULTS
Lesions of several, d istinct types were found, but not a ll of 
these were attributed to P. equorum invasion of the lungs. The 
pulrnonai'y pathology thought to be associated with the migration of 
P. equorum vdll be described f ir s t .
Day 2 and Day 7
No lesions attributable to parasitic invasion were found.
Day l4
Petechial and ecchymotic haemorrhages were scattered over the 
entire lung surface (Figure 36) and throughout the parenchyma. On 
closer inspection the interlobular septae were seen to be more 
prominent than usual (Figure 37)-
Microscopically the main change was a marked pulmonary 
eosinophilia with eosinophil accumulations around many of the blood 
vessels (Figure 38). The interlobular septae and subpleural areas 
were oedernatous and in filtra ted  with large numbers of eosinophils 
(Figure 39). Focal areas of alveolar collapse and eosinophilic 
a lveo litis  together with occasional areas of alveolar haemorrhage 
were seen and there was widespread eosinophilic bronchitis and 
bronchiolitis (Figure 40) sometimes with a few eosinophils in the 
lumina of the airvfays. Small numbers of neutrophils were associated 
with the alveolar collapse other^fise the eosinophil was the main 
cell involved in the pathological changes at th is time.
Cross-sections of parasitic larvae were seen in some of the 
smaller bronchi associated with a localised, copious, mucous exudate 
and small numbers of eosinophils and lymphocytes in the adjacent 
lamina propria (Figure 4 l). Occasionally a cross-section of a
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FIGURE 36 The lungs of a foal 14 days after
infection with 8,000 P. equorum eggs, 
showing petechial and ecchymotic 
haemorrhages.
*
FIGURE 37 The lungs of a foal 14 days after
infection with 8,000 P. equorum eggs, 
showing petechial and ecchymotic 
haemorrhages with widening of the 
interlobular septae.
FIGURE 38 Small p ulm on ary blood vessel surrounded 
by eosinophils l4 days after infection 
of a foal v.dth 8,000 P. equorum eggs.
X 2 5 0 .
FIGURE Oedernatous interlobular septae 
in filtra ted  by eosinophils and a 
focal area of alveolar collapse l4 
days after infection of a foal i/ith 
8,000 P. equorum eggs. x 35-
FIGURE 40 Numerous eosinophils can be seen both 
in the lamina propria and migrating 
through the hyperplastic epithelium 
of a bronchiole l4 days after infection 
of a foal with 8,000 P. equorum eggs.
X 2 5 0 .
&
FIGURE 4l Cross-section of larvae, surrounded 
by mucus, in the lumen of a small 
bronchus l4 days after infection of 
a foal with 8,000 P. equorum eggs.
X  2 5 0 .
parasite v/as seen in an alveolus (Figure 42), where i t  did not appear 
to be associated with any reaction.
Day 23
Focal areas of eosinophilic alveolitis were seen as in the 
previous animal but more lynphocytes and macrophages wore now 
involved in the reaction.
In addition 6 subpleural nodules, 0.3 to 1.0 cm in diameter, 
were found scattered over the lung surface. These were raised, 
spherical, translucent, grey or greenish in colour and consisted 
of a mass of lymphocytes surrounded by a lightly  defined, fibrous 
capsule and a rim of eosinophils with a few eosinophils within the 
substance of the nodule (Figure 43). Scsne nodules contained a 
strongly eosinophilic amorphous material which was thought to 
represent the remnants of disintegrating parasitic  larvae, whilst 
others had collections of large, pale-staining cells within them 
which were r^nants of bronchial epithelium- 
Day 37
Numerous subpleural nodules were scattered over the lung 
surface. Multiple slices were made of the lungs but no nodules 
could be detected in any part of the lung other than subpleurally; 
th is was confirmed by random histological sections.
Microscopically there were narrow perivascular sleeves of 
lymphocytes which appeared to replace the eosinophils seen in the 
earlier reaction- The interstitium  s t i l l  contained eosinophils but 
accumulations of lymphocytes were now found both in the interstitium  
and in the bronchiolar lamina propria.
Day 73
One solitary lymphoid nodule was present in a caudal lobe.
On histological examination a few focal areas of alveolar 
collapse were seen, sometimes accompanied by a lymphocytic reaction
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FIGURE Cross-section of a larva in an alveolus 
with no apparent reaction of the alveolar 
wall l4 days after infection of a foal 
with 8,000 P. equorum larvae. x 400.
FIGURE 43 Section through a pulmonary nodule 
showing densely packed lymphocytes 
surrounded by a fibrous, eosinophilic 
capsule 37 days after infection of a 
foal with 8,000 P. equorum eggs. x 1:
and some prominent fo llicu lar lymphocytic accunmlations around blood 
vessels and bronchioles*
Day 106
Microscopically the lungs had the same appearance as those of 
the foal k illed  on day 73- In both of these animals the lymphocytic 
accumulations around the blood vessels and bronchioles had developed 
germinal centre-like areas.
Day l46
The only macroscopic finding was the presence of 12 subpleural 
nodules.
Microscopically there were a few areas of a mild eosinophilic 
bronchitis and bronchiolitis. Very few lymphocytic accumulations 
were present and these were much reduced in size from those found 
on day 7 3 »
The pulmonary pathology is  summarised in Table 12.
In a ll the foals except those killed on days 7 and l46 after 
infection there were areas of reddened, collapsed, consolidated lung 
tissue in the cranial and accessory lobes, which were not attributed 
to P. equorum infection. These were particularly extensive in the 
foal killed on day IO6 and Figure 44 shows the typical distribution 
of these lesions. The pneumonic areas consisted of collapsed, 
consolidated pulmonary tissue with bronchitis and bronchiolitis.
The airways had a hyperplastic epithelium with neutrophils, mucus and 
lymphocytes in the lumina and an in filtra tio n  of neutrophils, 
lymphocytes and plasma cells in, the interstitium  (Figures 45 and 46). 
Eosinophils were found within these areas in a ll the animals except 
the one killed  2 days after infection but they were not particularly 
numerous and were confined mainly to the alveolar septae. Moderate 
numbers of lymphocytes accumulated in the lamina propria of some of 
the affected airways.
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FIGURE 44 Ventral surface of the lungs of a 
foal 106 days after infection t/ith 
8,000 P. equorum eggs showing the 
distribution of the pneumonic areas
gFIGURE 45 Section of a pneumonie lesion from the
lungs of a foal IO6 days after infection 
with 8,000 P. equorum eggs. The 
surrounding alveoli are collapsed and 
in filtra ted  by neutrophils, lymphocytes 
and plasma cells. x 250.
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FIGURE 46 Section of a pneumonic lesion from the
lungs of a foal IO6 days after infection 
with 8,000 P. equorum eggs. The airways 
have a hyperplastic epithelium with 
neutrophils, mucus and lymphocytes in 
the lumina. x 3 0 0 .
Mediastinal Lymph Nodes
The predominant changes in the mediastinal lymph nodes are 
shown in Table 13»
A few genninal centres were present on days 2 and 7- By day 
14 the nodes had an enlarged, reactive appearance and contained 
large numbers of eosinophils especially in and around the sinuses, 
subcapsular ai'ea and blood vessels. Large numbers of these cells 
were also seen in the perinodal fa t. On day 23 the nodes were s t i l l  
reactive v/ith prominent genninal centres and moderate numbers of 
eosinophils (Figure 47)* By day 37j however, the eosinophils had 
largely dispersed and many active germinal centres had appeared 
(Figure 48), which were most numerous on day 73 and had subsided 
by day 1 0 6 .
Days after 
Infection Eosinophilia
Germinal
Centres
2 - •Î'
7 - +•
14 +++ ++
23 ++ ++
37 •f ++
73 - •Î--Î-+
106 - +
146 - •f
TABLE 13 Reactions in the mediastinal lymph 
nodes of foals following infection 
with 8,000 P. equorum eggs.
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FIGURE 47 Section of the mediastinal lymph node 
of a foal l4 days after infection with 
8,000 P. equorum eggs. The sinuses are 
increased in width and contain large 
numbers of eosinophils. x 110.
FICURE 48 Section of the mediastinal lymph node 
of a foal 73 days after infection with 
8,000 P. equorum eggs, showing the 
presence of active germinal centres.
X 3 5 .
DISCUSSION
I t  has been shown that the majority of P» equorum larvae reach 
the lungs between 7 and l4 days after infection. They apparently 
burst through the walls of the alveoli leaving a focal area of 
haemorrhage and eosinophilia, then migrate through the alveolar 
ducts into the bronchioles, bronchi and trachea from which they are 
coughed up and swallowed. The pulmonary breakthrough lesions 
resemble those described by Ja rre tt, McIntyre and Urquhart (1957) 
in calves infected i-rith Dictyocaulus viviparus except that they also 
found foreign body giant cells in the reaction which were not seen 
in the lungs of the foals.
The predominant reaction provoked by the migrating parascarid 
larvae was an eosinophilia of the pulmonary tissue which was 
especially marked in the interlobular septae and subpleural areas. 
There was considerable oedema in these sites and th is has also been 
mentioned by Hadwen (1925) following the migration of P. equorum 
through foals' lungs. Similar changes have been described in 
Do viviparus infections of calves (Jarret et a l*, 1957; Simpson,
Vade, Dennis and Swanson, 1957).
The P. equorum larvae did not appear to provoke a local 
reaction save for the exudation of mucus around them- However, 
there was an eosinophilic bronchitis and bronchiolitis which affected 
most of tne airways and inferred that there was a delayed response to 
the presence of larvae in the airways. The eosinophilia was 
transitory and by day 23 had largely been replaced by a lymphocytic 
reacti on.
Subpleural lymphocytic nodules were f i r s t  seen on day 37 and 
had largely disappeared by day 73* Identical nodules have often 
been noted in the lungs of foals and adult horses reared naturally 
and subsequently examined at post-mortem in the Glasgow Veterinary
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School. I t  is  noteworthy, however, that lesions of th is type have 
not been seen in the lungs of foals reared wonn-free then given a 
monospecific infection of S. vulgaris (Duncan, personal communication), 
Theiler (1918) found subpleural nodules in adult horses, whilst 
Hadwen (1925) commented that in one of his experimental animals many 
larvae had been destroyed during their migration through the lungs 
and small, pearly white nodules were plentiful beneath the pleura. 
Nieberle and Cohrs (I9 6 7 ) have also reported the development of 
subpleural, lymphocytic nodules in horses, following the death of 
parasitic  larvae in the lungs. From the present small series of 
foals i t  was not possible to determine the significance of these 
nodules, but the presence of r cannants of disintegrating larvae in 
scoie nodules suggested that they may give some indication of the 
number of parasites which had died or been destroyed in the lungs.
I f  an immunological reaction were operating at the level of the 
parenchymatous organs then an increased number of nodules might be 
expected in an immune animal.
Identical nodules occur in certain parasitic  infections in 
other species. In ca ttle  they are more numerous following 
vaccination with X-irradiated D. viviparus larvae (Jarrett and 
Sharp, 1 9 6 3 ; Michel and Mackenzie, 19&5), treatment ivlth 
anthelmintics (Jarrett, McIntyre and Sharp, I 9 6 2 ) or reinfection 
(Breeze, P irie, Dawson, Selman and Wiseman, 1975)- In calves the 
nodules persisted for at least 6 months following a double dose of 
X-irradiated larvae (Pirie, Doyle, McIntyre and Armour, 1971).
In Metastrongylus apri infections of pigs the nodules are said to be 
more numerous in long-standing infections and are a feature of 
post-patent disease (Mackenzie, 1958).
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Clinical signs of coughing and muco-purulent nasal discharge 
were f i r s t  apparent around day 13 and persisted for about 10 days, 
while wonn-free foals in the same air-space were not affected. This 
corresponds approximately to the period of larval migration through 
the respiratory system and their return to the gastrointestinal 
trac t. The pathological findings at this time were severe enough 
to account for some clinical signs, but the possible role of the 
cranial lobe pneumonia cannot be ignored. As these lesions were 
present in the foal killed on day 2 before larvae had reached the
lungs they were not thought to be related to P. equoiTim infection.
The examination of paired serum samples failed to reveal tho presence 
of a rising t i t r e  to any of the common viral pathogens of the equine 
respiratory trac t. I t  is  possible, however, that a mycoplasma may 
have been involved and several mycoplasmes have been isolated from 
the respiratory trac t of horses by other workers (Allam, Powell, 
Andrew and Lemeke, 1973)• Two seem to be specific for the horse 
and these have been identified as Mycoplasma equirhinls (Allam and
Lemcl:e, 1974), and the unnamed N3 (Allam and Lemeke, 1975). A large
number of horse sera were examined for the presence of complement 
fixing antibody to these 2 organisms and were found to be 
positive (Hooker and Butler, 1976), but their pathogenicity has not 
been established. Much more information is  available regarding 
infection of pigs with mycoplasnias, as this pathogen is  involved in 
the development of enzootic pneumonia, a respiratory disease which 
may cause considerable economic loss. Underdahl and Kelly (1957) 
found that pigs given A. suum plus an agent isolated from a case of 
enzootic pneumonia developed ten times as much pulmonary 
consolidation as pigs given the enzootic pneumonia agent alone, but 
pigs given A. suum alone did not develop any pulmonary consolidation.
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They concluded from this that migrating ascarid larvae could enhance 
the lesions of a pre-existing enzootic pneumonia* This finding 
could explain the presence of quite considerable pulmonary 
consolidation in some of the foals and may be a factor in the 
pathogenesis of P* equorum infections.
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(3) PATHOLOGY OF THE INTESTIN AI. TRACT
RESULTS
Very few pathological changes were evident on examination of 
the in testinal trac t. In the foals killed on days 73» lOC and l46 
reddened areas were present on the mucosa of the cranial small 
intestine (Figures 49 and 50), associated vith the presence of many, 
large P. equorum .
Histological examination of sections of the small intestine 
taken at 1 metre intervals did not reveal any consistent abnormality. 
Occasionally an increased number of eosinophils was present in the 
in testinal wall but this could not be correlated with the stage of 
infection.
DISCUSSION
The in filtra tio n  of tîie in testinal wall by eosinophils could 
not be related either to the timing of the circulating eosinophilia 
or to the stage of the parasitic infection and the present study has 
also shown a virtual absence of damage to the in testinal wall. The 
adult P. equorum sifim free in the intestinal fluids, ingesting food 
by means of a suclcing action of the pharyngeal or oesophageal muscles 
(Fairbaim, 1957) • Despite these apparently innocuous habits the 
experiments described here have shown that the presence of many 
ascarids feeding on the intestinal contents was associated with a 
loss of condition and poor weight gains in young foals, but the 
physiological processes responsible for this syndrome are largely 
unknoim. Further studies are needed to investigate the mechanisms 
involved in the pathogenesis of the intestinal stage of P. equorum 
infection.
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FIGURE 49 Sections o f the cranial (above) and 
caudal (below) parts o f the small 
in te s tin e  o f a foal 73 days a fter  
in fection  with 8,000 P. equorum eggs
FIGURE 50 The mucosal surface o f the cranial 
small in te s t in e  o f a fo a l, 106 days 
a fter  in fectio n  with 8,000 P. equorum 
eggs.
CLINICAL PATHOLOGY
(1) HAEMATOLOGY
MATERIALS AND METHODS 
Experiment 1
The experimental design was described earlier in this chapter 
(Table 8).
The haeniatological estimations were carried out on blood 
samples taken into s te rile , heparinised vacutainer tubes at weekly 
intervals. The parameters measured were PCV, to tal RBC count, Hb 
concentration^ to tal WBC count and differential IfBC count.
RESULTS
The complete results of the PCVs, Hb concentrations, to tal RBC 
counts and total VflC counts are shovm in Appendices 8 to 11 
respectively.
Figure 51 illu s tra tes  the mean red cell indices of the 2 
infected foals maintained until patent infections developed (F? and 
F8) and of the controls (Cl and C2). I t  can be seen that there was 
some variation frcwn sample to sample in both groups but the infected 
foals had lower values for each parameter throughout the experimental 
period. Significant changes in the red cell indices attributable to 
the parasitic  infection were not seen.
The mean values for the total and differential IVBC counts of 
the infected and control foals are shov^ n in Figure 52, and although 
there was, again, scxne variation between samples in eacio group, 
significant changes were seen only in the eosinophil fraction. In
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the infected foals which survived beyond day l4, a circulating 
eosinophilia was observed from the third week with a rapid rise to 
reach maximum counts during the fourth or fifth  week after infection.
In individual foals the peak values ranged from O.9 8  x 10^
Q
eosinophils/l to 2.72 x  10 eosinophils/l. The number of circulating 
eosinophils then declined and was within the normal range by week 6, 
but rose again in foals F? and F8 from weelc 9 onwards. In the control 
group the eosinophil counts remained below 0.25 x 10  ^ eosinophils/l 
( i.e . 3/o)- The mean circulating eosinophil values of the infected 
foals and F8 and controls Cl and C2 are represented graphically 
in Figure 53»
DISOUSSION
From their studies of horses reared naturally and subsequently 
challenged with experimental P. equorum infections Antipin and 
Stepanova (1948) and Ryazantsev (1958) described a fa ll in total 
red coll and haemoglobin values with a rise in the total white cell 
count. Chebotar'ov (1950), however, disagreed with these results in 
that he found no significant change in the red cell indices, whereas 
the to tal white cell count decreased during the f i r s t  and second weeks 
after infection with an associated neutropaenia and relative 
lymphocytosis. The la tte r  author also noted a circulating eosinophilia 
in the la te r  stages of the infection. An increase in the eosinophil 
counts was also reported by Antipin and Stepanova (1948) and Ryazantsev 
(1 958), who recorded maximum values of 8 . 5% and l6% respectively.
Hadwen (I9 2 5 ) described the occurrence of a circulating eosinophilia 
soon after the ascarid larvae finished their tissue migration and he 
noted that this increase was more maziced following reinfection.
Duncan and Dargie (1975) studied the haematological changes 
following Sfcrongylus vulgaris infection of foals and found an early,
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sharp rise in the total VffîC counts with an increase in the 
neutrophil/lyinphocyte ratio and an increase in the number of 
circulating eosinophils. Other helminth infections of the horse 
in which blood eosinophilia is  a feature include Dictyocaulus 
am fieldi (Round, 1972) and Strongyloides v/estori (Greer, Bello 
and Ajnborski, 1974),
In experimental Ascaris suum infection of calves Greenway and 
McCraw (1970) found that Hb and PCV values remained within normal 
lim its, while the number of circulating eosinophils increased 
between 11 and 14 days after infection. These wo ideers also recorded 
an eosinophilia of the bone marrow which preceded the. rise in 
circulating eosinophils by 36 îiours, and the increased number of 
eosinophils in the blood stream was often reflected by an increase 
in the to tal \i/BC count. In the experiment described here the bone 
marrow was not examined, but a circulating eosinophilia occurred 
between 15 to 35 days after infection. This corresponded to the 
period of pulmonary eosinophilia which was most marked in the foals 
k illed  on days l4 and 23- The second rise in blood eosinophils, 
from day 55 onwards, coincided with the expulsion of ascarids in 
the faeces, but whether there was a relationship between these two 
events is  not known.
Eosinophilia is  a feature of many helminth infections and there 
is  evidence to suggest that the eosinophil granulocyte may be a 
parasite-k iller cell (Malimoud, Warren and Peters, 1975). The mature 
eosinophil is  thought to be an end-cell, incapable of further cell 
division, which develops in the bone marrow, then circulates for a 
few hours in the blood, before migrating into extravascular sites 
where i t  dies or is  shed fi-otn a mucosal surface (Basten, Boyer and 
Beeson, 1969). These authors also stated that eosinophils do not 
recirculate in the blood, and the circulatory system is thus a vehicle
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for transport of the cells from the ir s ite  of production to their 
s ite  of action in the body tissues. I t  should be noted that 
examination of blood samples for evidence of eosinophilia measures 
only the number of cells which are in transit at that time and 
gives no indication of either the rate of production of these cells 
in th e  bone marrow or their activ ity  in the body tissues.
80
(2) SERUÎ'I PROTEIN ESTIMATIONS
MATERIALS iiND METHODS 
Experiment 1
Blood samples were collected at tvo-weeltly intervals for scrum 
protein estimations. The samples were taken into s te rile  vacutainer 
tubes, and le f t  to stand for several hours. The serum was then drawn 
off aiid stored at until the estimations were carried out.
RESULTS
The individual to tal protein values of the 3 infected foals, 
which survived more than 5 weeks after infection, and the 2 controls 
are shown in Table 14.
Weeks after 
Infection Infected Foals Controls
2 51.6 45.5 5 4 .8 48.4 5 2 .3
4 48.6 44.5 5 7 .2 4 9 .6 57-0
6 48.1 46.9 5 7 .7 no sample no sample
8 5 1 .0 50.4 5 9 .2 4 7 .5  • 5 4 .6
10 51.0 57.0 6 3 .1 5 0 .2 5 3 .3
12 - 48.2 6 0 .3 4 9 .7 5 8 .1
14 - 4 5 .3 5 4 .8 5 0 .8 5 6 .8
16 - 3 8 .0 57.1 48.5 5 3 .4
18 - - 48.1 4 5 .0 5 3 .2
20 - 5 3 .2 46-5 51-4
22 - — 4 9 .5 46.1 5 1 .8
TABLE 14 Total serum protein values (g/^l) of foals 
infected with 8,000 P. equorum eggs and 
uninfected controls.
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The mean values .for the total protein and the albumin and 
globulin fractions of the infected foals, F? and F8, and the control 
foals, Cl and C2, are shown in Figure 54. In the infected group 
there was a steady increase in the total serum proteins from 50 g/1 
a t  the time of infection to around 60 g/1 in week 10, due to an 
increase in the globulin fraction. The values then decreased again 
t o  about 50 g/1. In the contix)! group the globulin levels increased 
b y  a  similar amount, but the albumin levels of these animals were 
unaccountably low in weel<.s 10 and 14, and this was responsible for 
a depression of the to tal protein value on these dates. The total 
serum  p.i'otein values of the controls were maintained within the 
r a n g e  of 48 to 55 g/1.
DISCUSSION
The nonnal ranges for the serum protein values of adult horses 
w ere given by Doxey (1977) as total protein 6o to 83 g /l, albumin 
25 to 37 g/1 and globulin 35 to 48 g/1. In the experiment presented 
h e r e  the serum protein values of the foals tended to be lower than 
th e  normal values quoted above, but since both the infected foals 
and the controls had low values the deviations were not attributed 
t o  P . equorum infection- Indeed, Duncan and Dargie (1975), who used 
p ony  foals of a similar breed and age, recorded serum protein values 
w it h in  the same range as those reported here.
I n  s t u d i e s  o f  n a t u r a l l y  a c q u ir e d  h e l m i n t h i a s i s ,  Round (I9 6 8 ) 
c o n c lu d e d  t h a t  t h e  serum  p r o t e in  l e v e l s  g a v e  an i n d i c a t i o n  o f  th e  
e x t e n t  t o  w h ich  a h o r s e  was i n f e c t e d  by  h e lm in th  s p e c i e s ,  th e  
p e r t i n e n t  ch a n g e  b e in g  an in c r e a s e  i n  th e  b e t a - g l o b u l i n  f r a c t i o n .  
T h is  ch a n g e  h a s  b een  r e c o r d e d  i n  e3 q )er im en ta l i n f e c t i o n s  o f  
S tr o n g y lu s  v u l g a r i s  (D rudge e t  a l . ,  I9 6 6 ; Round, 1970; Duncan and
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Serum protein values o f fo a ls  in fected  
with 8,000 P. equorum eggs and worn-free  
controls (mean values).
Dargie, 1975) and in small strongyle infections (Round, 1970). For 
example following a prii!iari“ infection of 1 ,5 0 0  vulgaris in vorra- 
free ponies, Round (1970) found an increase i n  the beta-globulin 
fraction from 12 g/1 to a maximum of 30 g/1 at l6 to 20 weeks after 
infection. This increase in the beta-globulin component was sufficient 
to elevate the to tal globulin and total protein levels. Although the 
seitun globulin was not sp lit  into i t s  alpha, beta and gamma components 
in the experiment described here, i f  there had been a gross increase 
or decrease in any of these fractions i t  would have been reflected in 
the total globulin value. No such changes were seen in the infected 
foals.
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LIVER FUNCTION AS ESTIMATED BY THE NORMOTEST
In an earlier section i t  was shoi,im that the migration of 
parascarid larvae through the liver gave rise to marked pathological 
changes in that organ. In order to investigate the interference 
with liver function due to larval migration the Normotest was employed,
Most of the tests used to assess dysfimction of the liver 
require elaborate and expensive apparatus and reagents. The 
Normotest, however, is  a simple coagulation tes t requiring a minimum 
of laboratory equipment. I t  was devised by Owren for use in man, 
and adapted for use in the horse by Allen and Archer (1972). The 
liver has many diverse functions and the Normotest is  based on the 
fact that the blood clots as a result of a series of pro-enzyme to 
enzyme transformations, involving a series of proteins, most of whicli 
are synthesised in the liver. When the liver is damaged these factors 
are diminished, with consequent alterations in the clotting 
characteristics.
MATERIALS AND METHODS
Details of the design of Experiment 2 have already been given 
(Table 9). For the Normotest blood samples were taken into s te rile , 
heparinised vacutainer tubes on days 4 and 1 before infection, on the 
day of infection and on days 1, 2, 5, 6, 10, 12, 15 and 19 after 
infection. The 4 infected foals and the 2 controls were sampled at 
9 a.m. on each occasion.
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RESULTS
The Normotest values of individual animals are shown in Table 15 
and the mean values for the infected foals and the controls are shown 
in Figure 55- I t  can be seen from the graph that the Normotest values 
of the infected animals were higher than those of the controls, by up 
to 15/0 throughout the period of observation, but the values followed 
a similar pattern in both groups. There were no significant 
alterations in the Normotest which could be attributed to the 
parasitic  infection.
Days after Infected Foals Control Foals
Infection Group A Group B Group C
-4 44 89 70 73 70 67
— 2 48 77 68 76 61 52
0 51 87 77 81 64 67
1 51 78 80 76 60 68
2 51 75 84 72 61 64
5 59 80 69 68 55 61
6 65 75 69 69 53 60
10 64 84 71 Bo 62 61
12 59 82 68 74 66 55
15 63 78 56 73 54 59
19 61 77 64 71 56 60
TABLE 15 Results of the Normotest (percentage) of foals 
infected with 8,000 P. equorum eggs and 
uninfected controls.
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a n d  w o r m - f r e e  c o n t r o l s  ( m e a n  v a l u e s ) .
DISCUSSION
The Nonnotest, expressed as a percentage has a nonnal range of 
83  to l40 in thoroughbreds, but lower values in the range 70 to 96 
are found in ponies (Allen and Archer, 1972). The te s t reflects the 
ab ility  of the liver to synthesise particular proteins, a function 
which increases with age, so i t  is  not surprising that the results 
are dependent upon age. Allen and Archer (1972) reported values 
between 4-0 to 60 in foals during the f i r s t  few days of l ife . The 
foals „in the eiqperiment described here were under one month of age, 
the samples being collected at the same time each day to avoid any 
changes due to the diumeil rhythm. The infected foals had Normotest 
values which varied from 44 to 8 9 , whereas the controls ranged from 
52  to 7 0 . None of these values was considered to be outwith the 
normal range for young pony foals.
8 6
CONCLUSIONS
Following a single infection of 8,000 P. equorum egqs, 
respiratory signs of coughing and a mucoid or pullulent nasal 
discharge were present 2 to 4 weeks after infection. At this time 
the foals were bright and lively, they continued to eat well and 
the signs resolved without any treatment. During the la te r stages 
of infection, from the third month onwards, the presence of a large 
volume of ascarids in the intestinal lumen was associated with 
dullness and lethargy, and the weight gains were depressed by up to 
30% compared with uninfected controls.
Two days after infection small, focal haemorrhages were seen 
on the surface of the liver and irregular narrow trac ts , in filtra ted  
by eosinophils were present throughout the organ. As the haemorrhages 
resolved white lesions appeared which were either discreet and 
rounded or diffuse and irregular in shape. The histological changes 
were most marked around the portal triads, and involved fibrosis and 
a cellu lar in filtra tio n , predominantly eosinophils and lymphocytes.
The results of the Normotest, however, did not indicate any impairment 
of hepatic function associated with these liver lesions.
Larval penetration of the lungs was marked by the development 
of petechial haemorrhages throughout the pulmonary tissue. In the 
early stages there was an in filtra tio n  of eosinophils particularly 
around the small blood vessels and airways, but these cells were 
la te r  replaced by lymphocytes. Subpleural nodules, composed of a 
mass of lymphocytes, appeared in increasing numbers from day 23 to 
day 371 then decreased in number over a period of months.
The pathological changes in the small intestine were minimal. 
Localised areas of reddening were seen on the mucosal surface and 
an in filtra tio n  of the in testinal wall by eosinophils was sometimes 
present.
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• The only significant haernatological change was a circulating 
eosinophilia, which was maximal between 15 to 35 days after infection, 
thus corresponding to the periods of hepatic and pulmonary 
eosinophilia- There was a second rise in circulating eosinophil 
levels from day 55 onwards. Changes in the sezrim protein values 
attributable to P. equorum infection were not seen.
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CHAPTER 4
EXPERIMENTAL PARASCARIS EQUORUM INFECTION 
IN SIX TO TmhVE MONTH-OLD FOALS
SUMMARY
Eight worm-free foals, aged 6 to 12 months, received a single 
infection of 8,000 Parascaris equorum eggs. Only a small number of 
parasites retumed to the in testinal trac t, the majority dying or 
being killed in the liver and lungs presumably by the development 
of an age-dependent resistance to infection. The pathological 
changes in the liver emd lungs were similar to, but more severe than 
those seen in younger foals. The pulmonary phase was marked 
clin ically  by the development of an in te rs ti t ia l  pneumonia.
Similar parasitic recoveries and pathological changes were 
found in a group of three, 8 month-old foals, which were reared 
naturally then treated twice with an anthelmintic before being 
challenged with 8,000 P. equorum eggs.
INTRODUCTION
Both Russell (1948) and Bello et a l« (1973) have noted that the 
ascarid faecal egg counts of foals decrease rapidly between 6 to 12 
months of age, patent infections seldom being found in mature 
animals. I t  was not knovm v/hether this resistance to infection in 
older animals was dependent upon an acquired immunity due to 
previous exposure or idiether age per se was an important factor.
8 9
To investigate this aspect of infection a series of experiments was 
designed in which experimental infections of older wonn-free foals 
were compared with similar infections of foals reared under natural 
conditions.
Unfortunately the number of foals maintained under worm-free 
conditions for a prolonged period was restricted both by the expense 
involved and by the availability of accommodation. Therefore, the 
groups of older worm-free foals were small and infection of these 
animals was carried out at the same time as similar studies in younger 
foals, which thus acted as controls for the infectiv ity  of the eggs 
and also for the clinical and haematological changes.
MATERIALS AND METHODS 
E x p e r im e n ta l D e s ig n
The design of the experiment is  shown in Table l6. A to tal of 
11 foals, 8 reared worm-free and 3 reared naturally, received a 
single infection of 8,000 P. equorum eggs. At the time of infection 
2 of the worm-free foals were aged 12 months (Al, A2), 4 wore aged 
6 months (A3, A4, A5, A6) and 2 were aged 9 months (A7, a8).
The naturally infected foals were reared at grass with their 
dams and faecal examinations at 6 to 7 months of age showed that 
each animal had patent ascarid and strongyle infections. The foals 
were then weaned and kept indoors under a regime which precluded 
further helminth infection. Two anthelmintic treatments effective 
against the in testinal stages of P. equozomt were administered at an 
interval of 3 weeks. One week after the second anthelmintic 
treatment the naturally infected foals, now aged 7 to 8 months and 
designated N1, N2 and N3 received a challenge infection of 8,000 
P. equorum eggs.
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Following each anthelmintic treatment of the 3 naturally 
infected foals, to tal faecal collections were made over a period of 
5 days. The faeces were crumbled by hand so that im y  large worms 
could be picked out and identified. Specimens of P. equorum were 
then counted and measured.
At post-mortem examination the contents of each part of the 
gastrointestinal trac t were scanned for the presence of large ascarids, 
The to tal contents of the small intestine were then preserved in 
10% formaldehyde and a 20% aliquot was examined microscopically for 
the presence of small ascarids.
Faecal samples were taken twice weekly from day 40 for 
parasitological examination.
Clinical Examination
Clinical examinations were performed each day. Thoracic 
radiography and endoscopic examinations of the airways were under­
taken in foals A2 and A8 on days l6 and 31 after infection. The 
body weights of foals A7 and A8 were measured at weekly intervals. 
Haematology
Heparinised blood samples were collected each week for 
estimation of the PCVs, Hb concentrations, to tal RBC and If/BC counts 
and differential TOC counts.
Pathology
All animals in this series were killed using a humane k ille r . 
Routine post-mortem examinations were perfonned a fte r which the 
liver, lungs and gastrointestinal trac t were studied in detail. 
Pathological changes were noted, and blocks of tissue were taken 
to include both visible lesions and apparently normal areas. The 
blocks were then prepared for histopathological examination.
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RESULTS
Parasitology
Before anthelmintic treatment the naturally infected foals had 
patent ascarid and strongyle infections. The faecal egg counts of 
these animals, which were measured 10 days, 6 days and 2 days before 
the f i r s t  anthelmintic treatment, are sho^ m in Table 17*
Animal
Idehtification
Faecal Egg Count
10 days before 
treatment
6 days before 
treatment
50 asc. e.p.g. 
750 s tr ,  e.p.g.
2 days before 
treatment
N1 50 asc. e.p.g. 
700 s tr .  e.p.g.
200 asc. e.p.g. 
550 s tr .  e.p.g.
N2 50 asc. e.p.g. 
0  s t r .  e.p.g.
0  asc. e.p.g. 
650 s tr ,  e.p.g.
300 asc. e.p.g. 
0 s t r ,  e.p.g.
N3 0  asc. e.p.g. 
0 s tr .  e.p.g.
100 asc. e.p.g. 
950 s tr .  e.p.g.
0  asc. e.p.g. 
100 s tr .  e.p.g.
asc# e.p.g. 
s tr .  e.p.g.
ascarid eggs per gram 
strongyle eggs per gram
TABLE 17 Faecal egg counts of naturally reared foals before 
anthelmintic treatment.
Follo^ving anthelmintic treatment ascarids were expelled in the 
faeces of a ll 3 foals. Details of these recoveries are given in 
Table 18, and i t  can be seen that the largest number of worms was 
passed by foal N2 , with a total of 135 P. equorum, including 2 
worms recovered after the second anthelmintic treatment. Foals N1 
and N3 had 25 and 3 P. equorum respectively, a ll of which were 
passed after the f i r s t  treatment.
9 2
Animal
I denti f i cati on
1st anthelmintic 
treatment
2nd anthelmintic 
treatment
P. equorum size P. equorum Size
expelled range
(mm)
expelled range
(mm)
NX 25 22-124 0 M
N2 135 40-141 2 61 -7 9
N3 3 46-103 0 —
TABLE 18 Recoveries of P. equorum from naturally reared
foals following anthelmintic treatments.
Foal N1 was killed 30 days after infection when 5 
from 23 to 56 mm long were picked out of the an a ll in testinal 
contents. A further 12 small specimens, 3 to 7 nun in length, were 
recovered by microscopical examination of a 20% aliquot. This was 
equivalent to a to tal recovery of 60 small and 5 medium-sized 
ascarids. The other 2 foals in this group, N2 and N3, were killed 
125 days after challenge and harboured a to tal of 22 and 3 P. equorum 
respectively. The complete post-mortem recoveries from both the 
naturally reared and the worm-free animals are shown in Table 19-
Faecal examination was positive in one of the naturally reared 
foals (N2 ) on a single occasion only, 90 days a fte r challenge, when 
a count of 50 asc. e.p.g. was recorded. All subsequent examinations 
of faeces from both N2 and N3 were negative.
In the group of worm-free animals, Al (12 months old) was killed 
on day 14 during the migratory phase of the infection. This foal had 
4 larvae in the liver, 548 in the lung parenchyma, 6 in the pulmonary 
airways and none in the small in testine. The remaining 12 month-old 
foal (A2) was k illed  on day 30 after infection, vdien 3^0 P. equorum 
were present in the small intestine, but parasites were not found in 
any other organ.
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Animal
Identification
Killed
Day
Patent
Day
No. P. equorum in 
the small intestine
N1 naturally 30 - 65
N2 reared 125 90 22
N3 foals 125 - 3
Al 14 - 0
A2 30 - 360
A3 30 - 10
A4 wo rm- f I'ee 30 - 100
A3 foals 125 NP 52
A6 125 NP 0
A7 Not
killed
104 -
A8 Not
killed
101 -
NP - not patent 
TABLE 19 Numbers of worms recovered at post-mortem 
examination from 6 to 12 month-old, worm-free 
and naturally reared foals, following infection 
with 8,000 P, equonun eggs.
Two 6 month-old foals (A3 and A4), which were also k illed  on day 
30, had to ta ls of 10 and 100 P. equorum respectively. All of these 
parasites were recovered by microscopical examination of the contents 
of the small in testine. The 2 remaining foals in th is age group 
(A3 and a6 ) were k illed  123 days after Infection, when A3 had 32 
large P. equorum and A6 had no ascarids.
The 9 month-old foals, A? and A8 , were the only ones from the 
worm-free group to develop patent infections, but these animals were 
not k illed  and so their parasitic  burdens were not determined. In A? 
ascarid eggs f ir s t  appeared in the faeces on day 104, with a count of 
50 asc. e.p.g. This rose to a maximum of 350 asc. e.p.g. on day 122 
and positive counts were recorded until day 130. The f i r s t  recovery
9 4
of ascarid eggs from the faeces of A8 was on day 101: the count was 
50 asc. e.p.g. and this rose to a raaxirnuni of 4O0 asc. e.p.g. on day 
1 1 3 . Patency persisted until day 150 in this case. The pattern of 
the faecal egg counts of these 2 animals is shown in Figure 5 6 , from 
which i t  can be seen that the faecal examinations were frequently 
negative, positive values being recorded interm ittently during the 
patent phase of the infection.
Clinical Findings
The clinical changes are summarised in Table I 9 . Rectal 
temperatures of a ll animals remained within the normal range of 
37*4 to 3 8 *9*^ 0. The most marked clinical signs occurred in the 
9 month-old foals (A7 and A8) which developed symptoms of both 
respiratory and systemic illness during the third week after 
infection. By day 15 frequent coughing, a serous of sero-inucoid 
nasal discharge and hyperpnoea were accompanied by depression, 
inappetance and loss of condition. The foals spent long periods 
of time lying down, but, in the absence of any treatment, their 
appetites began to improve on day I8 . Over the next few days A7 
and AB became more a lert and active until by day 24 they were 
clin ically  normal, except for the persistence of a cough in A3 
until day 3 0 .
Endoscopic examination of A8 on day I 6 revealed the presence 
of an increased amount of tracheo-bronchial exudate. Bronchial 
washings, which were examined cytologically, contained many 
disintegrating eosinophils and macrophages, together wi.th a few 
bacteria, mononuclear cells and neutrophils. Thoracic radiographs 
at th is time demonstrated diffuse mottling and increased density of 
the lungs with accentuation of the bronchi, particularly in the
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caudal lobes (Figure 5?)* A follovr-up radiograph on day appeared 
to be normal (Figure 3 8 ) «
The respiratory syndrome described above was associated with a 
temporary loss of body weight, but after A7 and A8 regained their 
appetites they maintained good bodily condition throughout the 
experimental period with weight gains of approximately 0.22 kg 
per day (Figure 39)-
A similar, but milder, clinical syndrome was seen in foals A1 
and A2 (12 months old)« In these animals a cough was present during 
the third weeic after infection, accompanied by an increased amount 
of serous nasal discharge, mild depression and a decreased appetite. 
On day 17, radiographic examination of A2 showed mottling and opacity 
of the lungs with accentuation of the bronchi, but these changes had 
resolved by day 31 when a follow-up radiograph was talcen. The 
endoscopic appearance of the ain/ays of A2 on day 17 was apparently 
normal, but bronchial washing resulted in the appearance of some 
mucous exudate. The body weights of foals A1 and A2 were not 
recorded, but both animals maintained good to fa t condition on 
clin ical examination.
In the 6 month-old, worm-free foals and the naturally reared 
foals coughing was noted in a ll cases during the third weeîc after 
infection, with a mucoid or purulent nasal discharge, but neither 
depression nor anorexia was a feature. Those animals which survived 
beyond day 30 (A3, a6, N2, N3) maintained good bodily condition.
Pathology
(a) Liver
Compared with the younger foals the hepatic lesions were both 
more numerous and more severe in the older animals. In the 12 
month-old foal k illed  14- days after infection a ll surfaces of the
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liv e r v/ere covered with rather diffuse, white areas (Figure 6o ).
Many of these had the appearance of irregular trac ts , together with 
a few discreet, rounded, subcapsular nodules, 1 to 3 ï’*îni in diameter. 
These lesions were also present in the substance of the liver tissue. 
On day 30 the changes were similar but less severe and by day 125 
only a few discreet nodules remained beneath the capsule and within 
the parenchyma.
The microscopical changes resembled those described in the 
younger foals v/ith fibrosis and cellular in filtra tio n  particularly 
around the portal triads. On day 30 large lymphoid accumulations 
were present often with a well-defined fo llicu lar structure 
(Figure 6 l ) .  An additional feature seen l4 days after infection 
was the presence of granulomata with giant cells and macrophages 
around a central core of necrotic debris surrounded by some 
lymphocytes and eosinophils (Figure 6 2 ). These lesions were thought 
to have developed around dead ascarid 1arvae.
(b) Lungs
The pulmonary changes resembled those seen in the younger 
animals. In foal Al, k illed  l4 days after infection, petechial 
haemorrhages were numerous both on the surface and within the 
substance of the lungs. No subpleural nodules were present on day 
14 but by day 23 these lesions were a prominent feature, especially 
in the caudal parts of the lungs. They were more numerous in the 
older animals than in the younger ones and were particularly marked 
in the naturally reared foal N1 at th is time. On day 125 many 
lymphoid nodules were seen in the worm-free foals, whereas only a 
small number remained in the naturally reared animals.
In the early stages microscopical examination of the lungs 
revealed an eosinophilic in filtra tio n  particularly around the 
bronchioles and blood vessels. The eosinophils were replaced la te r
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FTGURE 60 The liver of a 12 month-old foal
14 days after infection with 8,000 
P. equorum eggs.
'M
FIGURE Lymphoid accumulation with fo llicu lar 
structure in the liver of a 7 month-old 
naturally reared foal 30 days after 
infection with 8,000 P. equorum eggs.
X  110.
m
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FIGURE 5 2 ; G ranulom a i n  t h e  l i v e r  o f  ^ i 2  mon%h-
o l d  f o a l  l 4  d a y s  a f t e r  i n f e c t i o n  v d t h
8 , 0 0 0  P .  equorum  e g g s .  x  2 5 0 .
by lymphocytes which foitiied cuffs around the vessels and airways.
Many of the subpleural lymphoid nodules had a fo llicu lar structure 
with germinal-centre like areas.
Haematology
The mean red cell indices of the 9 month-old, worm-free foals, 
the 6 month-old, wonn-free foals, and the naturally-reared foals are 
sho'sm in Figure 6 3 . The PCVs, RBC count and Hb concentrations of 
the naturally reared group were slightly higher than those of the 
worm-free groups throughout the experimental period, but no changes 
attributable to P. equoram infection were seen.
The to tal and differential kTBC counts of the 3 groups are 
shoim in Figure 64. I t  can be seen that the 9 month-old, worm-free 
animals had higher to tal IIBC counts and a higher neutrophil/lymphocyte 
ratio than the other 2 groups. After P. equorum infection there was 
an increase in the number of circulating eosinophils between 2 to 5 
weelcs after infection (Figure 6 5 ).
DISCUSSION
The results of the studies described here have shoivn that the 
changes in the older worm-free foals were similar to those in the 
naturally infected animals, indicating that age per se was an 
important factor in the development of immunity to parascariasis.
There were marked differences, however, in the effects of P. equorum 
infection in foals aged 6 to 12 months compared with those seen in 
foals under one month of age, which were described previously.
F irstly , there were striking differences between the 2 groups 
in the number of larvae returning to the gastrointestinal trac t.
For instance, in the older animals killed 30 days after infection 
with 8,000 P. equorum eggs, the 3 woim-free and one naturally infected 
foal had only 10,100, 36O and 65 intestinal worms respectively,
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lui 9 monîh-old worm-free foals 
G 6monfh-old worm-free foals 
I  naturally-reared foals P.C.V.
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FIGURE 63 P a c k e d  c e l l  v o lu m e s  and r e d  c e l l  i n d i c e s
o f  f o a l s  a f t e r  i n f e c t i o n  w i t h  8 , 0 0 0
P .  equorum  e g g s .
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whereas 23 mid 37 days after a similar infection the younger atiimtils 
had small in testinal burdens o f  2 , 0 9 0  and 4,150 P. equorum 
respectively. In addition, the pathological changes in the liver 
and the lungs were both more nuitierous and more severe in the older 
animals possibly indicating that the majority of infective larvae 
died or were destroyed in these organs before reaching the intestinal 
trac t. The 5 larger parasites recovered from the naturally reared 
foal k illed  on day 30 were probably acquired at grass and may not 
have completed their tissue migration at the time of anthelmintic 
treatment.
In the 12 month-old foal killed l4 days after infection the 
majority of lai'vae were present in the lung parenchyma, very few 
being found in the ainvays and none in the small intestine. In 
contrast, a young foal killed at th is time had many parasites in the 
air\-rays and a small number had already returned to the small intestine. 
Another young foal killed on day 23 had larvae in the parenchyma but 
not in the airways, suggesting that migration in the trachea had 
been completed. As a result of these findings in the younger animals 
i t  was postulated that those parasites which remained in the pulmonary 
parenchyma on day 23 were the target of an immunological response and 
would be destroyed in the lungs to form the basis of the lymphocytic 
pulmonary nodules. A similar situation probably existed in the older 
animals in that only a small number of woms returned to the small 
in testine, but the hepatic and pulmonary lesions increased in number 
and severity.
In the liver, lymphoid accumulations and granulomata with a 
central core of necrotic debris were present in the older animals, 
and the la tte r  lesions were identical to the inflammatory reaction 
which has been described in association with dead parasitic  larvae
99
of many species (Nieberlo and Cohrs, 1967). Similarly, the subpleural 
lymphocytic nodules in the lungs, which were thought to represent the 
reaction around dead larvae (Nieberle and Cohrs, I 9 6 7 ), vrere increased 
in nunaber. In the present study, the number and tj^pe of pathological 
lesions did not show any variation between the 6 to 12 month-old, 
worm-free foals, and the 7 to 8 month-old naturally reared foals 
which were experiencing a reinfection. I t  would seem, therefore, 
that both groups were reacting similarly.
Clinically, there was a fa irly  severe pneumonic syndrome in 
some of the older foals during the third week after infection. The 
radiographic changes of mottling and increased density with 
accentuation of the bronchi suggested an in te rs ti t ia l  reaction, but 
th is remains speculative since histopathological examination was not 
performed at th is time. Clinically and radiographically the 
pulmonary changes had resolved by day 31 and this was supported by 
the pathological findings.
Loss of condition progressing to emaciation was a prominent 
feature in young foals infected with 8,000 P. equorum eggs, whereas 
the older animals maintained good to fat bodily condition throughout 
the experimental period. The weight gains of the 9 month-old animals 
were slower than those of the one month-old foals, but in many species 
the rate of increase in body weight has been shown to decrease with 
increasing age. The maintenance of good condition was consistent with 
the parasitological findings at post-mortem examination: the older 
animals k illed  on day 125 had to tals of 0, 22 and 52 P. equorum
compared with the younger, unthrifty foals which had 3,195 ascaride 
on day 73, 751 on day I06 and 123 on day l46.
The twx>, 9 month-old foals developed patent infections, which 
persisted for less than 2 months. The prepatent periods were within
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the range found in the younger animals, but the faecal egg counts 
were much lower, Pealc values of 350 and 400 asc. e.p.g. were 
recorded in the older foals compared with 1 ? ,5 0 0  and 6 , 3 5 0  asc. e.p.g. 
in the young foals. In addition, one of the naturally reared animals 
had a count of $0 asc. e.p.g, on day 90 but was negative on a ll other 
occasions. Ascarid eggs were not found in the faeces of the other 
animals in the giroup, although at post-mortem examination the worms 
recovered were apparently mature and the reason for the failure to 
establish patent infections in these animals was not known. Other 
workers, including Baudet (1925) and Wetzel and Enigk (1938), have 
been unsuccessful in their attempts to establish patent P. equorum 
infections in mature horses- I t  has also been reported that foals 
tend to lose their patent ascarid infections from 6 months of age 
onwards (Russell, 1948; Bello et a l ., 1973) and surveys in various 
parts of the world have shoim that the incidence of parascaris 
infection is  inversely correlated with age (de Jesus and üichanco, 
1 9 3 9 ; Langenegger et a l ., 196?; Poynter, 1970).
The eosinophilia in the older, worm-free group was similar in 
magnitude and duration to that recorded in the younger, worm-free 
foals. In the naturally reared animals the circulating eosinophilia 
was less maiiced, but these animals had a higher neutrophil/lymphocyte 
ra tio . However, they had acquired a mixed strongyle burden at grass 
and since the anthelmintic used was not effective against migrating 
larvae, the alterations in the differential VBC count may have been 
due to the presence of strongyle larvae in the body tissues (Duncan 
and Dargie, 1975).
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CONCLUSIONS
A group of. 6 to 12 month-old foals, which had either been 
reared worm-free or reared naturally and subsequently treated vrith 
an anthelmintic, were infected with 8,000 P. eguoi-um eggs. The 
clin ical, pathological and haematological changes, together with 
the parasitic recoveries from these older animals were compared 
with those described in Chapters 2 and 3 in 2 to 4 week-old, worm- 
free foals.
The results showed the presence of a marked resistance to 
P. equorum infection by 6 months of age in both the worm-free and 
naturally reared animals. In both of these groups there was a 
significant decrease in the number of worms returning to the 
in testinal trac t, while the number and severity of the lesions in 
the liver and lungs were increased when compared with the younger 
animals. I t  was thought that an immunological reaction was operating 
at the level of the parenchymatous organs with death of the larvae 
in these sites and a consequent reduction in the number of intestinal 
worms. In some cases the pulmonary reaction caused an in te rs titia l 
pneumonia, but the development of a relatively small number of 
ascarids in the small intestine was not associated with unthriftiness 
or loss of condition. Patent infections developed in only 3 out of 6 
older animals and the faecal egg counts tended to remain low.
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GENERAL DISCUSSION AND CONCLUSIONS
The work described in this thesis was undertaken in order to 
assess the importance of Parascaris equorum infection in the foal, 
since there is  a dearth of information regarding the pathogenic 
significance of th is parasite.
I t  has been confirmed that the larvae of P. equonrin undergo a 
hepatic-tracheal route of migration and prepatent periods in the 
range of 80 to I04 days were recorded. I t  was concluded that 
P. equorum may have a significant pathogenic effect in young foals 
involving a mild respiratory syndrome during larval migration thix)ugh 
the pulmonary system, followed by unthriftiness and poor weight gains 
due to the presence of a large mass of developing ascarids in the 
in testinal lumen. The main hepatic changes consisted of an 
in filtra tio n  of eosinophils and lymphocytes and fibrosis, particularly 
around the portal triads. In the lungs there was a cellu lar 
in filtra tio n , particularly around the small blood vessels and airways, 
consisting primarily of eosinophils whicii were la te r replaced by 
lymphocytes. In addition raised, lymphocytic nodules found on the 
surface of the lungs were thought to have developed around dead 
ascarid larvae. A circulating eosinophilia was present at the time 
of the hepatic and pulmonary in filtra tion  by eosinophils.
In foals over 6 months of age, irrespective of whether they had 
previous experience of P. equorum infection, there,was an age- 
dependent immunity. This apparently resulted in the death of the 
larvae in the liver and the lungs, only a few returning to the 
in testine. In these older animals the respiratory disease associated 
with the pulmonary reaction to the migrating larvae was not 
necessarily followed by unthriftiness or the development of patency.
1 0 3
Observations in the field have suggested that transmission of 
P. equo rum from adult horses to foals is not an. important factor in 
the epidemiology, and the occurrence of a periparturient rise in the 
ascarid faecal egg count of mares has not been described. The 
fecundity of the worms, together with the notorious longevity of the 
ascarid eggs, suggests that the foal is  the major source of infection 
for other foals bom either la te r in the same year or in subsequent 
years. L ittle  information is  available regarding the action of 
anthelmintics against migrating ascarid larvae but as a result of 
the work described in this thesis i t  is  recommended that foals be 
treated from about 6 weeks of age with an anthelmintic known to be 
effective against intestinal ascarids. This will prevent the develop­
ment of patent infections and so reduce the infection level available 
to other foals, and %fill also minimise the clinical signs of 
unthriftiness in individual animals.
1 0 4
A P P E N D I C E S
APPENDIX 1
PACKED CELL VOLUMES ( l / l  RATIO)
AFTER INFECTION OF FOALS IflTH P. EQUORUM EGGS
Weeks
after
infection
l 6o
P. equorum 
eggs
8 , 0 0 0  
p. equorum 
eggs
10 X l 6o
p. equorum 
eggs
Uninfected
Controls
0 0 . 3 2 0.33 0-37 0.39 0 . 3 6 0 . 3 6 0 . 3 3 0 . 3 3
1 0 . 3 0 0.32 0.36 0.37 0 . 3 2 0 . 3 5 0 . 3 4 0 . 3 2
2 0 . 2 6 0 . 2 8 0.4o 0.35 0.31 0 . 3 2 0 . 3 4 0 . 2 7
3 0.27 0.27 0.35 0.32 0.29 0 . 3 2 0 . 3 2 0 . 2 6
4 0.23 0.29 0.32 0-36 0.27 0 . 3 1 0 . 3 0 0 . 2 8
5 0.25 0.32 0.39 0.39 0.31 0 . 3 3 0 . 3 6 0 . 3 2
6 - 0 . 2 8 - 0.35 — 0 . 3 1 0 . 3 0 0 . 2 9
7 — 0.29 - 0.36 - 0 . 2 9 0 . 3 3 0 , 2 9
8 - 0.29 - 0.37 - 0 . 3 3 0 . 3 0 0 . 3 0
9 - 0.31 - 0.37 — 0 . 3 2 0 . 3 1 0 . 2 9
10 - 0.30 - 0.40 - 0 . 3 4 0 . 3 0 0 . 3 2
11 - 0.31 - 0.37 0 . 3 0 0 . 3 0 0 . 3 0
12 - 0,31 - 0.36 — 0 . 3 3 0 . 3 3 0 . 3 1
13 - 0.29 — 0.35 - 0 , 2 8 0 . 2 9 0 . 3 0
1 0 5
APPENDIX 2
HAIÜ-MOGLOBÏN VAIXJES (g/dl)
OF FOALS AFTER INFECTION WITH P. EQUORUM EGGS
Weeks
after
160
P. equo mm
8 ,0 0 0  
Pc equoi*uni
10 X 160
P, equorum Uninfected
infection eg eggs eggs Controls
0 12*7 1 2 .6 l4«4 14.4 14.0 14.3 1 2 .3 " .
1 11.4 1 2 . 6 14.3 14.0 1 3 . 5 14.0 l4.0 11 c7
2 7 . 5 1 1 . 4 1 3 . 7 12.6 1 2 . 9 12.0 1 3 .1 10.8
3 1 0 . 3 1 0 . 6 1 6 . 8 14.3 11.4 1 2 .3 1 2 . 9 10.0
4 9 . 8 1 2 . 2 1 2 . 9 12.6 11.0 1 1 . 7 12.6 10.8
5 9 . 1 1 2 . 8 1 3 - 5 1 3 . 2 11.4 12.0 1 3 . 7 1 2 . 3
6 - 1 1 . 6 14.8 14.8 1 1 . 7 12.4 10.6
7 - 11.8 — 1 3 . 5 - 12.6 13*4 12.1
8 “ 11.4 - 14.9 - 1 2 . 9 11.4 11.8
9 - 12.6 — 14.6 - 1 2 . 9 12.8 12.0
10 •• 1 2 . 9 “ 14.7 - 14.0 1 1 .7 12.1
11 — 12.0 - 1 5 . 5 11.2 12.0 1 1 .7
12 - 1 1 . 8 - 14.3 “ 1 2 .3 12.6 1 1 . 5
13 10.6 — 1 3 .8 “ 10.2 1 0 ,9 11.2
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APPENDIX 3
1 p
TOTAL RED BLOOD CELL COUNTS (x 10 V I )
OF FOALS AFTER INFECTION WITH P. EQUORUM EGGS
Weeks
after
infection
P.
160
equorum
eggs
P.
8,000
equorum
eggs
10 X 160 
P. equorum 
eggs
Uninfected
Controls
0 10.8 7.4 13.7 9.6 9.7 8.6 7.4 10.4
1 11.2 7 0 11.7 10.7 10.2 9-3 9.4 9.5
2 9.3 7.4 11.0 8.8 8.8 7.4 9.1 6.7
3 6.8 5.8 7.0 7-7 6.6 7.0 6.6 5.4
4 6.5 9.4 8.9 9.3 7-3 7.3 8.2 6.7
5 7.1 7.1 10.0 9.4 7.9 7.8 9.1
6 - 6.5 8.4 “ 6.7 8.1 6.7
7 - 6.7 - 9.4 - 7.6 9.0 6.4
8 - 6.7 - 9.0 7.3 8.1 7.0
9 - 7.6 - 9.9 - 9.1 8.1 8.9
10 — 7.3 - 9.9 - 10.2 7.5 7.0
11 - 7-0 — 8.8 — 7.2 8-0 6.6
12 7-6 -* 7-7 - 9.0 7.0 7.2
13 - 6.9 - - 10.4 7.1 6.6
10 7
APPENDIX 4
TOTAL WHITE BLOOD CELL COUNTS (x lO ^ /l)
OF fOiVLS AFTER INFECTION WITH P. EQUORUM EGGS
Weeks
after
160
P. equo mm
8,000 
P. equorum
10 X 160  
P. equorum
Uninfected
Controls
infection eggs eggs êggs^
0 14.8 10.3 10.6 16.1 14.7 12.6 9 . 6 1 6 . 9
1 11.7 11.1 13.4 15.4 1 5 . 2 1 1 . 9 11.2 1 8 .4
2 9.2 14.8 9.8 13.9 1 3 .3 9 . 1 7 . 6 1 3 . 9
3 9.2 9.9 10.4 15.6 1 5 .3 10.6 6 . 9 1 3 .7
4 9.9 11.7 9.0 17.1 12.1 9 . 6 7 . 4 1 3 . 2
5 11.0 9.4 10.8 17.3 1 5 . 7 1 3 . 8 8 . 3 1 3 .3
6 - 8.8 - 12.2 - 1 0 . 5 7 . 5 1 6 .1
7 — 10.8 - 18.2 “ 1 0 . 9 7 . 3 1 6 . 2
8 - 8.9 - 16.7 - 12.4 6 . 5 1 3 . 4
9 - 9.6 - 1 9 .2 - 11.2 6 . 7 14.6
10 9.2 - 1 7 . 2 11.4 6.8 16 *9
11 - 11.4 - 2 0 . 9 - 9 . 3 7 . 8 1 6 . 7
12 - 14.1 - 18.8 - 1 3 . 3 9 . 3 21.0
13 - 9.1 - 14.2 - 7 . 8 5-8 1 3 . 7
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APPENDIX 5
FAECAI,. EGG COUNTS (asc. e.p.g.)
OF FOALS AFTER INFECTION WITH P. EQUORUM EGGS
160 
P. equo nom 
eggs
8,000 
P . equorum
10 X 160
P. equorum 
eggs
Days
after
Infection
Uninfected
Controlseggs
40080
1,100 100
650 150
200
1,100 300
700 350
No parasite eggs were found in faecal samples examined before day 80,
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APPENDIX 6
BODY miGHTS (Kgs) OF FOALS 
AFTER INFECTION mTH 8,000 P. EQUORUM EGGS
Weeks
after Infected Foals Controls
Infection FI F2 F3 F4 F5 f6 F7 F8 Cl C2
-1 67 34 27 41 39 35 32 42 31 44
0 71 39 31 46 40 41 34 45 34 46
1 - - 33 46 45 43 36 46 36 48
2 — - 37 49 48 46 4o 48 37 4-9
3 - - - 60 53 57 46 55 46 64
4 - - - - 57 60 47 58 50 66
5 - - - - 58 61 47 59 49 68
6 - - - — — 63 48 61 49 68
7 — - - ** - 62 47 63 49 65
8 - - - - — 63 45 61 49 65
9 - - - - - 59 44 59 48 64
10 - - - - — 58 44 58 47 64
11 — - - - “ 44 58 48 64
12 - - - “ - - 46 58 58 64
13 - - - - — - 45 55 56 64
14 - - - - — - 48 64 59 70
15 - - - - - - 66 63 74
16 « - — - - - - 66 65 80
17 — - - - ■ - - - 69 64 80
18 - “ - " - — - 66 69 84
19 - - - — — -* - 59 67 83
110
APPENDIX 7
FAECAI, EGG COUNTS (asc. e.p.g.)
OF FOALS AFI’ER INFECTION IrtTH 8,000 P. EQUORUM EGGS
Days after 
Infection
Infected Foals Controls
F7 Cl C2
101 150
104 800
108 600
111
115 lOO
118 400
122 1 2 ,5 0 0
124 17 ,500
127
129 2,200
132
136
139 750
l4 l 1 ,3 0 0
143 900
147 2 ,500
No parasite eggs were found in faecal samples 
examined before day 101.
I l l
APPENDIX 8 
PACIŒD CELL VOLUMES ( l / l  RATIO)
OF I-X)ALS AFTER INFECTION 171TH 5,000 p. EQUORUM EGGS
Weeks
after
Infection FI F2
- Infected 
F3 F4
Foals
F5 f6 F7 f8
Controls 
Cl C2
-1 0.37 0 . 4 5 0 . 3 4 0.48 0 . 4 3 0 . 3 9 0 . 3 5 0.40 0 . 4 5 0 . 4 7
0 0 . 3 6 0.44 0 . 3 1 0 . 4 5 o.4o 0 . 3 8 0,39 0 . 3 7 0.41 0 . 4 7
1 " 0 . 4 3 0 . 3 1 0.42 0 . 3 7 0.40 0 . 3 4 0 . 3 7 0 . 4 5 0 . 4 3
2 — - 0 . 3 1 0.42 0 . 3 7 0.40 0 . 3 4 0 . 3 7 0 . 4 3 0.40
3 - - - 0.42 0.40 0 . 3 8 0 . 3 7 0 . 3 5 0 . 3 9 0.42
4 - - - “ 0 . 3 4 0 . 3 7 0 , 3 0 0 . 3 4 0 . 3 9 0 . 3 7
5 - — - - 0 . 3 7 0 . 3 2 0 . 2 9 0 . 3 1 0.41 0 . 3 8
6 “ — - - 0.4l 0.27 0 . 3 1 0 . 3 9 0 . 3 8
7 — *• - - 0.42 0 . 3 0 0.29 0 . 3 8 0.41
8 — - - - " 0.40 0-33 0 . 3 0 0 . 3 7 0 , 3 6
9 - - - - - 0.40 0 . 3 1 0 . 3 3 0 . 3 6 0.41
10 - - - - 0 . 3 9 0 . 2 8 0 . 3 3 0 . 3 5 0 . 3 4
11 - - ” — — 0 . 2 7 0 . 3 3 0 , 3 8 0 . 3 3
12 ” - - - - - 0 . 2 8 0 . 3 4 0 . 3 3 0 , 3 9
13 - - - - — 0 , 3 2 0 . 3 4 0 , 3 2 0 . 3 9
14 - - - - - - 0 . 2 8 0 . 2 7 0 . 3 2 0 . 3 7
15 - - - - -■ - - 0 . 3 1 0 . 2 9 0 . 3 7
16 - « - - - - - 0 . 2 9 0 . 2 8 0 . 3 5
17 - - “ - - - 0 , 3 1 0 . 3 1 0 . 3 5
18 - " - - - - - 0 . 3 2 0 . 2 7 0 . 2 8
19 “ - - - - - 0.29 0 . 3 0 0 .3 3
20 — w# *- - — 1» 0.29 0 . 3 4 0 . 3 3
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APPENDIX 9
HAEMOGLOBIN VALUES ( g / d l )
OF FOALS AFTER INFECTION \7ITH 8,000 - P. EQUORUM EGGS
Weeks
after
Infection FI F2
Infected 
F3 F4
Foals
F5 f6 F8
Controls 
Cl C2
~1 14,3 15.5 13.2 17.8 15.5 14.9 1 3 . 4 1 3 . 8 16.0 1 6 .1
0 14.0 1 8 . 2 12.9 18.5 15.4 14.5 1 3 . 8 14.4 1 5 .7 1 6 . 0
1 — 19.1 1 2 .1  l 6 . 8 13.7 1 5 . 4 1 2 . 5 1 3 . 8 1 6 .3 1 6 .3
2 “• - 12.0 15.0 14.1 14.4 1 2 . 3 1 2 . 9 1 6 . 0 1 6 .3
3 — - 17.2 1 5 .7 1 5 . 4 12.6 1 3 . 5 1 6 .3 1 5 . 7
4 - - — - 1 3 . 2 14.1 12.0 1 2 .9 1 5 . 2 1 3 .8
5 - - — “ 14.8 1 5 . 7 1 1 .3 1 1 . 9 1 7 .9 14.4
6
7 1 8 . 5 14.1 14.2 14.9 14.6
8 - - - — 16.1 1 3 . 8 12.2 1 7 .3 1 2 . 5
9 - - — " - 16.6 12.6 1 3 . 2 1 6 .3 1 7 . 2
10 - — — “ - 1 5 . 7 12.0 1 3 . 2 1 5 .0 15u5
11 " - - - 11.9 14.1 1 6 .3 1 5 . 4
12 - - “ - - - 1 2 . 9 14.4 14.1 1 6 .6
13 - - — — - 1 3 . 7 14,4 13.8 1 5 .3
14 - - — — - — 12.2 12.6 12.4 1 6 .3
15 - — " - - - 12.0 1 1 . 7 9 . 7
16 - - — - - - 1 3 . 5 12.0 11.1
17 - - - - - - - 12.0 1 2 .9 1 2 . 9
18 - - - - - - — 12.0 10.0 10.0
19 - - — — — - 10.6 11.4 1 3 . 5
. 20 — "■ “ — - - 9 . 4 12.6 1 2 . 6
1 1 3
APPENDIX 1 0
1 p
TOTAL RED BLOOD CELL COUNTS (x 10 / l )
OF FOALS AFTER INFECTION WITH 8,000 P. EQUORUM EGGS
Weeks
after
Infected Foals Controls
Infection FI F2 F3 f4 F5 F6 F7 F8 Cl C2
-1 9.4 9.2 7.6 10.3 9.5 8.9 7.8 7.8 10.3 10.0
0 10.1 9.9 8.2 10.2 9.4 8.5 8.2 8.8 10.2 8.9
1 - 9.5 7.4 10.2 8.6 9.1 7.5 8.7 11,1 9.2
2 — » 7.2 9.4 9.6 9.1 7.5 8.5 10,0 9.5
3 - 10.7 9.8 9.3 7.1 8.4 9.7 9.4
4 - - — - 8.8 9.4 7.3 7.7 9.6 9.8
5 " - “ » 9.1 10.6 6.7 8.1 10 • 4 9.3
6 “ " - 7.8 7.7 8.3 9.9 9.2
7 - — - — 7.1 5.1 7.1 6.8 7.5
8 - - - - — 6.2 8.1 8.4 6.5 12.4
9 " - — 5.9 8.9 9.9 9.9 12.4
10 - " - - 5.5 8.8 9.1 10.1 11.7
11 - - — - — 8.5 7.5 9.7 8.7
12 - - - » — - 7.8 8.0 9.2 9.3
13 - - “ - - ■ " 9.2 8.1 9.0 11.2
14 - - " — - — 8.6 7.2 10.8 9.6
15 - - - - - - " 8.0 12.8 9.7
16 - - - - “ 7.5 9.1 9.0
17 “ — - - 9-3 10.9 10.7
18 - - J» — - 9.3 7.9 10,3
19 - " - « - — 8.0 9.9 10.1
20
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— — —
9.6 8.1
a p p e n d ix  n
TOTAL WHITE BLOOD CELL COUNTS (x 10^/1)
OF FOALS AFTER INFECTION WITH 8,000 P. EQUORUM EGGS
Weeks
after
Infection
Infected Foal Controls
f4 C2FI F2 Cl
1 2 . 6 7 . 0  1 1 . 0  10.5 9.1 7.7-1
6.7 11.6 8.4 10.71 1 . 1  10.4
10.9 8 . 0 12 .6
10.8 9.5 10.7 9.2 11.2 9.6
13.3 10.5 12.5 9.5
1 3 . 2  1 2 . 2  1 2 .1  1 0 . 8  1 1 . 6  1 1 . 0
1 6 . 2  10.4 13-9 9.3 14.7
7.7 14.6 8,7 1 0 . 6  12.1
14.3 14.8 14.6 10 -0
11.3 14.0 1 0 . 4  1 3 . 6  1 2 .1
7 . 9  1 3 . 0  8 . 5  1 0 . 7  1 1 . 0
7 . 9  1 3 . 3  8 . 0  1 2 . 5  10.410
1 2 . 2  1 0 . 5  11.4 1 1 . 211
12 11.2  10.6
1 0 . 5  9 . 6  1 0 . 5  1 0 .3
8 . 9  1 5 . 3  1 1 . 8  1 0 .9
1 1 . 5  9 . 6  1 0 . 5
8.8 1 2 . 5  1 8 . 8
9 . 3  15-4 11-3
18 9 . 9  1 1 . 0  1 0 . 3
8.8 1 7 . 1  1 1 . 0
14.2 1 1 . 0  8 . 720. .
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